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PKEFACE TO SECOND EDITION 

In issuing a Second Edition of this book the authors, 
have considered it advisable to bring the work up to 
date as far as possible. In order to carry this out, 
certain more recent Orders have been substituted for 
those in the First Edition. Thus a new Order dealing 
with the keeping of carbide of calcium, and an Amended 
Order in regard to the keeping of petroleum spirit for 
motor cars, will be found in this Edition, together with 
the recent By-laws of the Thames Conservancy relative 
to the conveyance of petroleum and carbide of calcium. 
A new model code of Harbour By-laws for both 
petroleum and carbide of calcium has also been sub- 
stituted for the model codes in the First Edition. A 
recent Order in regard to the compression of acetylene 
in admixture with oil-gas has been added. In an 
Appendix the authors have included certain addenda 
and notes on the Petroleum Acts, together with a 
Memorandum published by them on the subject of 
testing metal polishes and other mixtures of petroleum 
with solid matter. 

Although the By-laws relating to motor-boats which 
have been prepared by the Thames Conservancy have 
not yet been confirmed, the draft of these as published 
and amended has been added to the present Edition, 
these By-laws being of interest to a large number of 
persons owning and building motor-boats. 

J. H. T. 

B. E. 

July 1906. 



PREFACE. 

The technology of petroleum has been already dealt 
with in considerable detail by one of us in a work 
issued by the same publishers in 1896, # and the re- 
ception accorded to that work may be held to justify 
the belief that the author achieved the object he had 
in view. 

In these circumstances it may be considered that 
ample information has been given on the subject, and 
it may therefore be well for us to state the grounds 
upon which we have been led to prepare this volume 
for the press. 

In the work to which we have alluded an attempt 
was made to present a comprehensive historical, geo- 
graphical and geological account of the great industry 
of which it treats, in the hope that such account would 
not only be of general interest, but would also prove 
to be of practical value to those occupied in the de- 
velopment of new oil fields. The methods employed in 
the producing of petroleum in the principal oil fields of 
the world, in refining the crude oil and in distributing 
the various commercial products, were also described 
at length, and a similar principle was adopted in 
dealing with the important subject of the testing 
of petroleum, the practices prevailing abroad as well 
as in this country being indicated, and full particulars 
being given of a large number of instruments, of which 
many are of scientific rather than of practical interest 
or value. 

A work which thus aimed at being encyclopaedic in 
character was necessarily voluminous, although effort 
was made to condense it, and only a comparatively 
small number of the 873 pages which it contained 
oould be devoted to those aspects of the subject which 

* Second edition now in the press, July 1906. 
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our attention has been directed to in writing this 
volume. Moreover, portions of the larger work were, 
also necessarily, written in highly technical language, 
requiring for its full comprehension some previous 
special knowledge, and these could only be of interest 
to a very limited number. It may further be pointed 
out that through the labours of the Select Committee 
on Petroleum which met during the Parliamentary 
Sessions 1896-7-8, a large amount of information, 
especially in regard to the use of mineral oil in lamps* 
has been placed at our disposal which was not available 
when the larger work was written, and that carbide of 
calcium, now largely used as a source of acetylene, 
has recently been placed under the Petroleum Acts. 

In the present volume we have given only such 
particulars of the geographical and geological occur- 
rence of petroleum, and of its production and refining, 
as are in our opinion necessary for an intelligent 
appreciation of those branches of the subject with 
which we have sought to deal. The task we have 
set ourselves is indicated in general terms by the sub- 
title, and from this it will be seen that it has been 
our desire to furnish a handbook which shall be of 
practical utility not only to officers of local authorities 
charged with the duties prescribed by the Petroleum 
Acts, but also to those engaged in the petroleum trade, 
as carriers, storers, or distributors, and those who 
employ petroleum in industrial operations or as a 
source of power. It is well known that only a small 
proportion of the petroleum (employing the term in its 
generic legal sense) used in this country is under 
direct control through the operation of the Petroleum 
Acts, but it is not a matter of equally common 
knowledge that arrangements more or less adequate 
are usually adopted to provide for the safe storage of 
such petroleum as is not under direct legal control. 
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We have endeavoured to indicate the principles upon 
which, in our opinion, the transport, storage and dis- 
tribution of petroleum of various descriptions should 
be carried on with a view to the elimination of the 
special risks which experience has disclosed, and we 
have illustrated the nature of these risks by reference 
to accidents and fires which have occurred. We are 
hopeful that we may thus be instrumental in bringing 
about the general voluntary adoption in this country of 
such safeguards as have been shown to be essential to 
public safety, further legislative control being thus, so 
to speak, anticipated and even rendered unnecessary. 

We have taken advantage of the opportunity 
afforded by the publication of this handbook to offer 
suggestions based upon the evidence taken by the 
Select Committee on Petroleum as to the construction 
and use of mineral oil lamps. Our experience, coupled 
with the careful study of the evidence, has led us to 
the conclusion that, if these suggestions were carried 
into effect, accidents with such lamps would be of rare 
occurrence. 

In respect to carbide of calcium we have explained 
the character and properties of the material and of the 
acetylene gas made therefrom, and have pointed out 
the nature of the precautions to be taken not only in 
the storage of the carbide, but also in the generation 
and use of the gas. 

As the Petroleum Acts provide for an appeal to the 
Secretary of State from an adverse decision by a local 
authority on an application for a licence, and as the 
Explosives Department of the Home Office has been 
largely consulted on questions connected with petroleum 
legislation, the late Chief Inspector, Col. Sir Vivian 
Majendie, K.C.B., having, as is well known, devoted 
special attention to the subject, it is incumbent upon 
us to state that this handbook is in no sense official. 
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CHAPTER I. 

INTRODUCTORY. 

" Petroleum " : what it is, as defined by law and by com- 
mercial usage raspectively — Early historic references — The 
origin of petroleum. 

Legal Definition. — By the Petroleum Act, 1871 
(34 and 35 Vict., ch. 105), which is still in force, 
except as to the standard or limit of flash-point and 
the mode of testing, petroleum is defined in the 
following words : 

" For the purposes of this Act the term ' petroleum ' 
includes any rock oil, Rangoon oil, Burmah oil, oil 
made from petroleum, coal, schist, shale, peat or other 
bituminous substance, and any products of petroleum, 
or any of the above-mentioned oils ; and the term 
' petroleum to which this Act applies ' means such of 
the petroleum so defined as, when tested in manner 
set forth in Schedule One to this Act, gives off 
an inflammable vapour at a temperature of less 
than one hundred degrees of Fahrenheit's thermo- 
meter." 

It will thus be seen that the legal definition of Legal 
petroleum is a wide one, embracing liquid products, w ^eonT * 
such as coal-tar, and the solid product, paraffin, which 
are not " petroleum " in the commercial acceptation of 
that term ; and it will further be observed that for 
legal purposes, in respect to storage, an arbitrary 
limit, based upon the temperature at which in- 
flammable vapour is given off, is fixed. 
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Rangoon oil The reference in the definition clause to Rangoon 
and Burman q q an( j Burmah oil, which first appeared in the Act 
of 1868, doubtless had its origin in the circumstance 
that shortly before this Act was passed the produce of 
the Burma oil-fields was, in small quantities, first 
brought to this country, petroleum having previously 
been imported only from the United States. The 
name of Rangoon oil was taken from the port of 
shipment, " Rangoon oil " and " Burmah oil " being 
two names for the same substance. Petroleum now 
comes to this country from many other parts of the 
world, and there is less reason for retaining the specific 
mention of Rangoon oil or Burmah oil, which can 
scarcely be regarded as an article of commerce in the 
United Kingdom, than for specifying Russian oil, 
which is largely imported, or the oils of Roumania and 
Borneo. 

Presumably only what may be described as primary 
products of " petroleum " are intended to be included 
in the definition, otherwise nitrobenzol and aniline 
made therefrom, and even aniline dyes, would legally 
be petroleum. It has, however, been successfully con- 
tended in the Courts of Law by local authorities 
empowered to take action under the Petroleum Acts, 
that mixtures containing petroleum (as defined by 
law), such as india-rubber solution, paints, and 
varnishes, come within the legal definition ; therefore, 
if any such mixture gives off inflammable vapour 
below the legal limit, it can only be kept in pursuance 
of the provisions of the law. This may be described 
as a common-sense interpretation, for experience has 
shown that the mixtures in question may be as liable 
to ignition or to create, by volatilisation, an inflammable 
or explosive atmosphere, as certain descriptions of 
petroleum unmixed with other substances. 

In a succeeding chapter details will be given of the 
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principal methods employed in ascertaining, for legal Flash-point 
purposes, the temperature at which a sample f°*£* sbing " 
petroleum gives off inflammable vapour. This tem- 
perature, ascertained in accordance with the prescribed 
conditions, is commonly known as the flash-point or 
flashing-point of the oil. 

Commercial Definition. — In commerce the term 
" petroleum " was formerly employed to designate the 
oil burned in lamps, and as the flash-point of this oil is 
not below the limit fixed by law it followed that com- 
mercial "petroleum" was not "petroleum" to which 
the Acts apply. This, as will readily be appreciated, 
caused some confusion, and in order to avoid the incon- 
venience resulting therefrom the practice was adopted 
of applying the term " petroleum oil " to the product 
in question, although this obviously involves tautology. 
According to present commercial usage, the term 
"petroleum" is employed in what may be termed a"Petro- 
generic rather than a specific sense, an additional word ^^J^ 
giving the necessary definition. Thus we have : crude rather than 
petroleum which is the oil as it comes from the wells : Bpecific m 

* ' commerce. 

petroleum oil, the product burned in lamps ; and petro- 
leum spirit, the more volatile products, collectively. 
The lamp oil is also known as petroleum distillate and 
refined petroleum, respectively, before and after being 
subjected to chemical treatment for its purification. 

Origin of the Term " Petroleum." — Petroleum 
is found in many parts of the world oozing or flowing 
from outcrops of porous rock, and from this mode of 
occurrence it derived its name, which means, literally, 
rock-oil — Latin, petra (rock), oleum (oil). Equivalents 
of this name are found in most other languages ; in 
German the corresponding terms erdbl (earth-oil), 
steinol (stone-oil), and berg'dl being thus employed. 

Other Names for Petroleum. — Petroleum was, 
however, known to the Persians, Greeks and Romans 
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under the name of naphtha, a name which is still em- 
ployed in Russia to designate crude petroleum, though 
elsewhere it is applied to certain descriptions of distilled 
petroleum spirit, and perhaps more properly should be 
confined to the volatile products obtained from coal-tar 
and wood- tar. Probably the adoption of the term in 
Persia arose from the circumstance that before the 
creation of the present petroleum industry a volatile 
and remarkably pure description of crude petroleum of 
light colour was found in that country, and was in 
fact made use of many years ago in protecting the 
readily oxidisable metals potassium and sodium from 
the action of the atmosphere. The less fluid kinds 
of petroleum were termed ao-^aXroc by the Greeks 
(hence asphaltum), and the Romans applied the 
general term of bitumen to the various descriptions of 
natural hydrocarbons, the word petroleum not being 
used in classic Latin. By ancient writers the names 
pissasphaltum (Greek, m<r<ra = pitch, aarQaXrog = asphalt), 
and pisselmim (mo-ara = pitch, iXaiov = oil), were occa- 
sionally employed. To distinguish bitumen inter- 
mediate in consistency between petroleum and asphalt 
the term maltha (Latin, maltha = cement for cisterns, 
roofs, &c.) is employed, the equivalent for this in 
Mexican Spanish being brea. Other names which may 
be mentioned as having been applied to petroleum are : 
earth balsam, mineral tar, oleum Medea, Seneca oil, 
Sicilian oil, and St. Quirinus's oil. 

In the Old Testament there are numerous references 
to petroleum, among which the following may be 
quoted : " The Vale of Siddim was full of slime pits " 
(Gen. xiv. 10) ; the word which is translated slime in 
our version appearing as bitumen in the Vulgate. In 
Genesis ix. 3, in the description of the Tower of Babel, 
we are told that " slime had they for mortar," whilst 
in Job xxxix. 6, we find, " and the rock poured me out 
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rivers of oil." In the Scriptures the word salt is used 
indiscriminately for common salt, nitre, and bitumen, 
and Lord Playfair suggested that the New Testament 
reference to salt losing its savour was meant to apply 
to Petroleum, which on exposure parts with its volatile 
constituents and thus yields asphalt, good only to be 
" trodden under foot of men." 

Early Historic References. — Herodotus (450 b.c.) classical 
describes the collection of petroleum, which, he says, references - 
was called rhadinance by the Persians, from a well at 
Arderrica, and from the famous pitch spring in the 
island of Zante ; he also refers to the use, as mortar, in 
building the walls of Babylon, of the bitumen brought 
down by the Is, a tributary of the Euphrates. 
Diodorus, Josephus and Vitruvius also mention this 
use of bitumen, and Dioscorides describes a piss- 
asphaltum obtained at Apollonia near Epidamnos 
(Albania). Both this writer and Pliny, among others, 
mention the use of Sicilian oil from Agrigentum for Sicilian oil. 
illuminating purposes. Plutarch gives an account of 
the discovery of petroleum, "having the gloss and 
fatness of natural oil," by an attendant of Alexander, 
while digging on the banks of the Oxus. 

The petroleum found in the State of New York was Seneca oil. 
undoubtedly known to the Seneca Indians in very 
early days, and the burning of the oil which collected 
on the streams formed part of their religious cere- 
monies. Petroleum was also, long before the founda- 
tion of the present industry, collected in the United 
States and sold under the name of Seneca oil (from 
Lake Seneca, where it was first obtained) as a remedy 
for rheumatism, burns, coughs, sprains, &c. 

Referring to the petroleum of the Baku district, Marco Marco Polo 
Polo describes in the thirteenth century "a fountain on Baku< 
from which oil springs in great abundance, inasmuch 
as a hundred ship-loads might be taken from it at one 
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time. This oil," he adds, " is not good to use with 
food, but is good to burn, and is also used to anoint 
camels that have the mange." 

The oil springs of Persia, and the renowned 
petroleum wells of Yenangyaung (earth-oil creek) in 
Burma, have been often described by travellers, and 
it was from the asphalt of Trinidad that Gesner first 
prepared kerosene. The crude petroleum of Barbados, 
imported under the name of Barbados tar, formerly 
occupied a place of some importance in the Materia 
Medica of this and other countries. It was thus 
referred to in 1750 by Griffith Hughes in his "Natural 
History of the Island of Barbados" : " The most 
remarkable fossil of bituminous kind is green tar. It 
is obtained by digging holes or a trench, and it rises 
on the water. It issues from hills, and is gathered in 
the months of January, February and March, and 
serves to burn in lamps." 

Historical records show that from very early times 
crude petroleum has been collected in Austria-Hungary 
for use as cart-grease, and the Alstetterring, in Prague, 
is said to have been lighted by oil distilled from 
petroleum obtained in Galicia as far back as 1810, or 
between that date and 1818. 

In 1436, petroleum from the Tegern See in Bavaria 
was sold under the name of St. Quirinus's oil as a 
medicinal agent, and in Italy a concession was granted 
in the year 1400 for the collection of petroleum from 
wells at Miano. The petroleum of Modena, which at 
one time was largely used for lighting and medicinal 
purposes, as well as in the preparation of varnishes 
and paints, was discovered by Ariosto, a physician of 
Ferrara, in 1640. 

The following interesting account of the occurrence 
of bitumen at Pitchford in Shropshire is taken from 
Camden's ' ' Britannia " ; 
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"A little village calTd Pitchford, which formerly 
gave name to the ancient family of the Pitchfords, is 
now the possession of the Otelies. Our ancestors gave 
it the name of Pitchford from a spring of pitchy 
water; for in those days, they knew no distinction 
between pitch and bitumen. And here is a well in a 
poor man's yard, upon which there floats a sort of 
liquid bitumen, although it be every day scummed 
off; after the same manner as it doth on the lake 
AsphcUtites in JudcBa, and on a standing pool about 
Samosata, and on a spring by Agrigentum in Sicily ; 
but the inhabitants make no other use of it than 
as pitch. Whether it be a preservative against the 
Falling-sickness, or be good for drawing and healing 
of wounds (as that in Judaa is), I know no one yet 
that has made the experiment. Here, and in the 
adjacent places, there lies over most of the Coal-pits 
or Mines, a Stratum or layer of blackish rock, of 
which, by grinding and boiling, they make pitch and 
tar, and from which also a kind of Oil is distill'd." 

There are many other places in Great Britain where ou spring in 
petroleum occurs in small quantities, and it is worthy er ys ire ' 
of note that James Young, the founder of the Scottish 
shale oil industry, commercially utilised a spring of 
petroleum which had been met with in the workings 
of the Biddings Colliery at Alfreton, in Derbyshire, 
before he took out his celebrated patent for obtaining 
" paraffine oil or an oil containing paraffine, and 
paraffine from bituminous coals." 

The Origin of Petroleum. — It is not surprising 
that a natural product of so distinctive and, one may 
add, of so self-assertive a character should have 
attracted the attention of men of science, and we find 
in some of the earlier treatises amusing statements in 
reference to the nature and origin of petroleum. Bacon Early 
in his Sylva Sylvarum tells us that the original con- theones - 
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cretion of bitumen is a mixture of a fiery and watery 
substance, and remarks that flame attracts the naphtha 
of Babylon afar off. Macquer published in 1764 a 
treatise on chemistry in which bitumen is defined as a 
mineral substance yielding petroleum on distillation, 
and as an oil rendered consistent and solid by being 
combined with an alkali, but in the same work bitumen 
is described as belonging as much to the vegetable as 
to the mineral kingdom ; the author further states that 
solid bitumen appears to be a vegetable oil combined 
with a mineral acid, and expresses the opinion that 
bitumens are the resinous and oily parts of trees or 
plants. Bergmann in his " Physical and Chemical 
Essays," which appeared during the years 1788-1791, 
expressed the view that petroleum was an example of 
a small proportion of water combined by means of an 
acid with the principle of inflammability. Amongst 
the earlier writers on the subject none contributed 
more specific and correct information than Hatchett, 
whose views will be found in the Transactions of the 
Linnean Society for 1798. It was, he said, generally 
admitted at that time that bituminous substances are 
not of mineral origin, "but have been formed from 
certain principles of substances belonging to the organ- 
ised kingdoms of nature." He further specified the 
elementary principles (as he called them) of bitumen 
as carbon, hydrogen, sometimes azote and probably 
some oxygen, a remarkably correct definition, by the 
way, and from the correspondence between this com- 
position and that of the vegetable and animal oils 
and resins he arrives at the conclusion that meta- 
morphic action has produced petroleum from these 
sources. 
Modem The latter half of the past century has been fertile 

in theories of the origin of petroleum, and many 
eminent men have devoted much thought to the 
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subject. The various modern theories may be broadly 
classified into two groups, one consisting of those 
which assign to the product an inorganic origin, and 
the other those which account for its production from 
animal or vegetable matter, or both. 

The first exponent of the theory of inorganic origin inorganic 
was the distinguished chemist Berthelot, who, proceed- B"^ lot . 8 
ing upon the hypothesis of Daubr^e that free alkali- experi- 
metals exist in the interior of the earth, ascertained ments - 
experimentally that when carbonic acid or an earthy 
carbonate acts upon the alkali-metals at a high 
temperature, acetylides are formed, and that these 
bodies when acted upon by water- vapour, under the 
conditions prevailing in the earth, yield hydrocarbons 
resembling those of American petroleum, the precise 
composition of the hydrocarbons varying with the 
temperature. He therefore in 1866 expressed the 
view that petroleum may have been produced by the 
infiltration of water containing carbonic acid into the 
interior of the earth, where it would be brought into 
contact with the alkali metals at an elevated tempera- 
ture. Many years later Maquenne prepared acetylide 
or carbide of barium (C 2 Ba) and obtained acetylene by 
its action on water, and still more recently through 
the discovery of Willson, one of the carbides, viz., that 
of calcium, has become an ordinary article of commerce, 
and acetylene a common illuminating agent. Of still Researches 
greater interest, however, in connection with the of Moi88an - 
subject we are considering, have been the results of 
the work of Moissan, who has found that certain of the 
carbides yield liquid hydrocarbons on decomposition 
with water. In a paper published in the Journal of 
the American Chemical Society in 1899, Mr. J. A. 
Matthews has given the following classification of the 
reactions of decomposition of the carbides : 

(1) The carbides of lithium, sodium, potassium, 
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calcium, barium and strontium are decomposed by 
water, giving mostly acetylene. 

(2) Silver, copper, mercury and gold (?) aeetylides 
are acted on by hydrochloric acid, giving acetylene. 

(3) Aluminium and beryllium carbides react with 
water, yielding methane. 

(4) Manganese carbide with water gives methane 
and hydrogen. 

(5) The carbides of yttrium, lanthanum and thorium 
are decomposed by water, giving mixtures of acetylene, 
ethylene, methane and hydrogen. 

(6) Lanthanum, cerium and uranium carbides give 
with water, besides the volatile products, a residue of 
liquid and solid hydrocarbons. 

It will thus be seen that several of the carbides, 
including that of manganese, yield methane (CH 4 ), the 
lowest member of the paraffins present in Pennsylvania 
petroleum, and that some actually yield liquid and 
solid hydrocarbons. 
ByassoiTs In 1871, Byasson, in a memoir on the origin of 
theory. petroleum published in Paris, suggested that petroleum 
might have resulted from the action on iron or sulphide 
of iron at a white heat, of steam and carbonic acid gas, 
resulting from the infiltration of salt water to great 
depths in the earth, his theory, like that of Berthelot, 
being based upon laboratory experiments in which 
petroleum was obtained. 

In 1877 Cloez obtained petroleum-like hydrocarbons 
by the action of dilute mineral acid or even boiling 
water on a spiegeleisen (carbide of iron and manganese), 
MendcieefTs and the eminent Russian chemist Mendeleeff gave the 
view# weight of his authority to the view that petroleum is 

of inorganic origin. The great density of the earth, 
and the well-known presence of iron in meteorites, in 
the solar system (as shown by the spectroscope), and 
in eruptive rocks, are regarded by Mendeleeff as 



INTRODUCTORY. 11 

evidence that the interior of the earth contains large 
amounts of iron. Accepting the igneous theory of the 
formation of the earth, it is reasonable to conclude 
that the core of this spheroid may largely contain 
carbide of iron, and that as cooling of the molten mass 
progressed, and the outer crust became crumpled and 
cracked through the shrinkage of the central portion, 
forming valleys which were subsequently occupied by 
the seas when the cooling had progressed sufficiently 
to admit of the condensation of the dense cloud of 
aqueous vapour, water would by gravitation naturally 
find its way through the crevices towards the centre of 
the still highly-heated mass. In these circumstances 
it is evident that the chemical action which would be . 
set up under the favourable conditions of high tem- 
perature and great pressure would probably produce 
hydrocarbons, the hydrogen of the water combining 
with the carbon of the carbide and the oxygen com- 
bining with the iron. 

The Russian geologist Sokoloff, on the other hand, SokoiofTs 
has expressed the opinion that hydrogen and carbon °P imon - 
may not improbably have entered into direct combina- 
tion at an early stage in the earth's history, that the 
hydrocarbons thus formed may have been absorbed by 
the mass of the earth whilst the latter was still in a 
glowing viscid state, and that these hydrocarbons may 
subsequently have been transferred to the outer layers 
where they are now found. Other authorities, amongst 
whom are Coquand, Grabowski and Hitchcock, regard 
petroleum as not improbably a condensation-product of 
marsh gas. 

The majority of American geologists who have Organic 
devoted special study to the question are agreed as to ^nierican 
the organic origin of petroleum, and are of opinion that opinions, 
it is derived both from vegetable and from animal 
remains. Lesley has expressed the view that the oil of 



12 HANDBOOK ON PETROLEUM. 

Pennsylvania has been formed from fossil fucoids and 
corals, of which remains are found in limestone beds 
many thousand feet thick, beneath the Venango oil- 
sands, and Ashburner concurs generally in this view of 
a dual origin. Orton considers that the oil occurring 
in shale and sandstone is of vegetable, and that found 
Animal and in limestone of animal, origin. Peckham suggests that 
orS n ablC °^ w ^h an ^phalt base is of animal origin, whilst 
that which contains paraffin (solid hydrocarbons) is 
derived from vegetable organisms. Strippelmann con- 
siders that petroleum and natural gas were probably 
produced from vegetable and animal remains in 
Silurian, Devonian, and Carboniferous formations. 
Orton expresses the view that the petroleum of 
California is derived from the animal remains with 
which the oil-bearing shales of the district were 
originally filled, and he adds that the similarity of the oils 
of Canada, Kentucky, Tennessee, and North-Western 
Ohio with the Californian oil points to a common origin. 
In a paper on the nitrogen content of California 
bitumen Peckham asserts that his discovery of basic 
oils in the petroleum of California " establishes beyond 
any question the animal origin " of such petroleum. 
Httferand As opposed to the dual theory of origin some 
or? g,1 nbcin t0 em * nen * authorities on the European continent contend 
animal only, that petroleum is solely or mainly of animal origin. 
The most noted exponents of this view are Hdfer and 
Engler. The former did not originate the view in 
question, but was the first to marshal facts in support 
of it, whilst the latter by his cogent arguments, 
supported by practical experiments, has been largely 
instrumental in gaining adherents to the theory. 
Hofer's arguments in favour of an animal origin are 
summarised as follows : 

(l) Oil is found in strata containing animal, but little 
or no plant remaius. This is the case in the Car- 
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pathians and in the limestone examined in Canada and 
the United States by Sterry Hunt. 

(2) The shales from which oil and paraffin were 
obtained in the Liassic oil shales of Swabia and of 
Steierdorf in Styria contained animal, but no vegetable 
remains. Other shales, as, for instance, the copper 
shales of Mansfeld, where the bitumen amounts to 22 
per cent., are rich in animal remains, and practically 
free from vegetable remains. 

(3) Rocks which are rich in vegetable remains are 
generally not bituminous. 

(4) Substances resembling petroleum are produced by 
the decomposition of animal remains. 

(5) Fraas observed exudations of petroleum from a 
coral reef on the shores of the Red Sea, where it could 
only be of animal origin. 

In his experimental researches already alluded to Engier's 
Engler distilled 490 kilos, of menhaden (fish) oil at a high ^*[ 
temperature and under considerable pressure, and thus researches, 
obtained a distillate resembling petroleum. The distil- 
lation was commenced at a temperature of 320° C 
under a pressure of ten atmospheres, and was com- 
pleted at 400° C. under a pressure of four atmospheres. 
He thus obtained about 60 per cent, of distillate, of 
specific gravity '8105, about 8*9 per cent, of gas, and 
about 5 per cent, of unsaponifiable fat in the residue. 
The distillate was brown, and possessed a greenish 
fluorescence and a disagreeable, acrolein-like smell. 
By fractionation, the distillate yielded pentane, hexane, 
normal and secondary heptane, and normal octane and 
nonane. From the chemical reactions of the distillate, 
the presence of olefines, naphthenes and other aromatic 
hydrocarbons was inferred. Finally, from the distil- 
late a lighting oil was separated, which was described 
as indistinguishable from commercial kerosene, and this 
statement one of the authors is in a position to confirm, 
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having received from Professor Engler a specimen of 
the product. 

On repeating the experiments with triolein (com- 
mercial " oleine ") similar results were obtained ; in 
fact the menhaden oil used may be considered to 
consist of olein, stearin, and palmitin. The composition 
of the oil is such that after combination of all the 
oxygen with part of the hydrogen to form water, the 
residue contains carbon and hydrogen in about the 
same proportions as those in which they are present in 
petroleum. 
Explanation Engler considers that the glycerin or the acrolein 
of results. f orme( J during the reaction would be washed away 
from the petroleum, but Neish has given a more 
elaborate explanation of their disappearance. He 
suggests that by elimination of water and by con- 
densation, the acrolein formed from the glycerin under 
the action of heat and pressure becomes itself con- 
verted into benzene ; he further expresses the opinion 
that the carbon dioxide produced concurrently with 
the liquid hydrocarbons from the fatty acids may have 
become reduced to carbon monoxide and ultimately 
into hydrocarbons, by the influence of dissociated 
hydrocarbons. 
Failure to It should be added that all attempts by Engler to 

ob * ain obtain similar products from fish and other animal 

petroleum m r 

from fish, remains were totally unsuccessful. Engler therefore 
concludes that some change in the animal remains 
must have taken place in the earth, whereby all 
nitrogenous and other matters, save fats, were removed, 
the petroleum being formed from the fat alone, by the 
combined action of pressure and heat, or by pressure 
only. 

Zaioziecki's Zaloziecki-, who is an adherent to the theory of 
animal origin, believes that the first products of the 
decomposition of animal bodies would be nitrogenous 
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matter and adipocere, which comprises the fatty 
matter of the remains, and that the adipocere would 
become covered with sediment and gradually con- 
verted into fatty acids, which finally decompose into 
hydrocarbons. He is of opinion that adipocere, 
ozokerite, and liquid petroleum are produced in the 
order named. 

Ochsenius considers that the halogens in the water Ochsenius'a 
found with petroleum have had much to do with views - 
the production of the petroleum, being of opinion 
that the fatty matters of decomposing animal bodies 
are converted into petroleum under the action of 
certain salts, notably alkaline bromides and aluminium 
chloride. Zaloziecki, however, points out that the 
water found with petroleum is not always saline, 
and expresses the view that the action of salt is 
merely to arrest putrefaction. 

Lesquereux states that at Lund (Scania) masses of Lesque- 
seaweed change into viscous fetid oily matter, saturating reuxs vlews - 
tha sand with which they are intermixed, and retaining 
no trace of structure. The Sardinian salt-marshes are 
also occasionally covered with fucus, which decomposes 
into oil. He regards the Pennsylvanian petroleum as 
due to marine vegetation, whilst coal is derived from 
terrestrial fibrous plants. Such marine vegetation 
abounds throughout the Silurian and Devonian rocks. 

Broadly it may be said that the theories which critical 
ascribe an inorganic origin to petroleum are considered con8i< *era- 

i'«iii -i • i tionofthe 

inadmissible by most geologists and others who are various 
acquainted with the conditions under which the many theones - 
widely-different descriptions of the product are met 
with. It must be admitted that when such eminent 
chemists as Berthelot and Mendeleeff give the weight 
of their authority to the theories already described, 
the question deserves the most careful consideration. 
A distinction must, however, be drawn between the 
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abstract or theoretical possibility of petroleum having 
been produced by the agencies referred to, and the 
probability that it was actually so produced. The 
more recent investigations of Moissan may be said 
to afford experimental proof of the possibility of hydro- 
carbons having been generated from metallic carbides, 
but previous to these investigations that possibility 
was not doubted. The question is not whether the 
assumed reactions would yield petroleum, but whether 
in the light of facts derived from a study »of the known 
deposits of petroleum it is reasonable to conclude that 
the oil found in such deposits had its origin in these 
reactions, and, of course, in dealing with this question 
we are necessarily to some extent hampered by the 
proverbial difficulty of proving a negative. In this 
connection it has been pointed out by Phillips that 
practically no free hydrogen is found in natural gas, 
and that this gas must have been produced con- 
currently with hydrocarbons by the action of steam 
upon metallic carbides. Also, that whilst paraffins 
alone cannot be produced by such chemical reaction, 
the gaseous product resulting from the action of 
dilute sulphuric acid upon ferromanganese contains 
six per cent, of olefines, and natural gas contains 
neither olefines nor carbon monoxide. The strongest 
argument, however, against the inorganic theory lies 
in the extreme probability and generally highly 
satisfactory character of the organic theory, based 
as the latter is upon logical deductions drawn 
from a careful study of the principal deposits of 
petroleum. 

We may now proceed to consider the mode of 
accumulation of the vegetable and animal remains 
from which we may reasonably conclude that the 
petroleum of commerce was produced, and the nature 
of the chemical changes which the deposits underwent. 
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We shall then be in a position to form a judgment as 
to how far those who have practically rejected the 
theory of dual organic origin, and pinned their faith 
to the view that animal remains were practically the 
sole source, are justified in taking that attitude. 

Whether we regard petroleum as the product of Extent of 
the decomposition of vegetable matter or of animal eposi 8 ' 
organisms or of both, it is necessary to assume the 
existence of adequate deposits of these bodies. It is 
not, however, difficult to account for such accumulation. 
In the comparatively deep and quiescent water along 
the margin of the land there would be abundant 
opportunity for the deposition not only of the remains 
of marine animals and plants, but also of vegetable 
matter brought down to the coast by the water courses, 
and the changes which the earth has undergone would 
result in the burial of these substances under sedimen- 
tary mineral matter, the deposits thus formed being 
ultimately, as the result of further alterations in the 
earth's surface, in some cases found occupying positions 
far removed from the sea and often beneath immense 
thicknesses of subsequent deposits. It has been Practical 
pointed out by Andrusov that the conditions present of^formation 
in the Karabugas gulf in the Caspian Sea afford an of deposit, 
excellent illustration of the manner in which the 
accumulation probably occurred. Into this gulf fresh- 
water streams are discharging large quantities of 
vegetable matter and fish. The latter are killed by 
the strongly saline water, but this water prevents 
putrefaction of the remains, and as there are no 
animals to feed upon these remains, deposits of organic 
matter are speedily formed. 

It may, therefore, be said that, at any rate as Processes 
regards the formation of suitable deposits, the pro- J2f™ ably 
cesses by which we may assume petroleum to have operation, 
been formed are in operation at the present time, 

B 
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and we may probably even go so far as to say that 
ultimately the vegetable and animal remains now 
being deposited may in part give rise to further stores 
of oil for the use of future generations. It should, 
however, be remarked that obviously a special process 
of decomposition is needed to produce the result, and 
we have now to consider the nature of the changes 
which produced petroleum from vegetable and animal 
remains, 
objections Attention has already been drawn to Hofer's argu- 
to theory of me nts in favour of the animal-origin theory, and it 

animal • i i i • i a 

origin. now becomes necessary to consider the other side. As 

Zuber has recently pointed out, it is true that the 
petroliferous fish-shales, the Menilite shales, as they 
are called, of the Carpathian oil-fields contain remains 
of marine animal life, but this formation is not the 
only, or indeed the principal, oil-producing horizon of 
that district, the most important one, the Eocene, 
also the Ropianka calcareous shales, containing but 
few distinguishable fossils and animal remains in 
particular, though by no means lacking in organic 
residues. Moreover the hieroglyphs and pseudo-fucoids 
of the Flysch system, which were at one time con- 
sidered to be animal remains, are now by many 
regarded as probably vegetable. Furthermore, the 
highly petroliferous and ozokerite-bearing sub-Carpa- 
thian Miocene saliferous clay formation at* Boryslaw in 
Galicia, though yielding practically no animal remains, 
is rich in undoubtedly vegetable residues, notably 
fir-cones, partly carbonised, partly converted into 
ozokerite, and embedded in rock salt. Wall has 
pointed out that in addition to the Pitch Lake there 
are in Trinidad deposits of bitumen in situ, confined 
to particular strata which were originally shales con- 
taining vegetable remains. Wall considers that these 
have undergone what he terms a special mineralisation, 
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producing a bituminous matter instead of coal or 
lignite, this operation being in his opinion not 
attributable to heat, but being due to chemical re- 
actions at the ordinary temperature and under the 
normal conditions of climate. Wall also mentions the 
occurrence of wood partially converted into bitumen, 
which when subjected to the action of a suitable 
solvent leaves woody tissue. One of the authors has 
in his possession specimens of soft woody fibre con- 
taining petroleum, which were found by the late Mr. 
George Scott in strata yielding small quantities of 
oil and gas at depths of 40 to 50 feet and 60 to 
70 feet, during the drilling of a well at Digboi, Assam, 
in 1893. 

From these remarks it wouJd appear that the Evident 
deduction drawn from Hofer's argument that petro- "unification 
leum is found in primary deposits accompanied by of Hofer's 
animal remains, but never more than slightly by the vlew " 
remains of plants, requires much qualification. 

As regards the support which the results obtained Value of 
experimentally by Engler are held to lend to the ^g^g 8 
theory of animal origin, it should be remembered that 
the material operated on was a fatty oil or a fatty 
acid, and that similar results were not obtained by the 
distillation of fish-tissue under like conditions. Assum- 
ing petroleum to have been formed in nature by the 
decomposition of a neutral fat, such as olein, it is 
possible that the source of such oil may at any rate 
in part have been vegetable and not animal remains. 
It should be added that most authorities aw agreed 
that the chemical changes which have resulted in the 
conversion of vegetable or animal matter, or both, into 
petroleum, have occurred, possibly or probably under 
great pressure, but at ordinary or very moderate 
temperatures, whilst Englers results were obtained 
at high temperatures. It is true that it may be 
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contended that very prolonged action at ordinary 

temperatures may produce the same effect as a short 

exposure to a much higher temperature, but this is 

not invariably the case. 

Conclusions Whatever may have been the precise nature of the 

as to origin. ^qjjjJ^ changes which have occurred, it does not 

seem reasonable to regard animal remains as the sole 

source, and the view which appears to be generally 

held by authorities in the United States is that 

petroleum of which the oil of Pennsylvania may 

be taken as the type is probably of vegetable 

origin, whilst certain other descriptions, such as 

that of Canada, are equally probably of animal 

origin. 

Part played In the aggregation of the petroleum it is possible 

byctey^in^ ^ ia fc c ] a y has played an important part, for it has 

been noticed that this substance possesses in a high 

degree the power of absorbing mineral oil. 

Whether Within the limited space available in this work it is 

where now impossible to discuss in detail the question whether 

found. petroleum was formed where it is now found, and the 

following remarks of Dr. Orton, which summarise in a 

judicial spirit the conclusions of geologists in reference 

to the oil-fields of the United States are therefore 

quoted : 

Dr. Orton's " Petroleum is undoubtedly indigenous to, and de- 

remar 3. r j ve( j f ro m, certain limestones, as Hunt has so strongly 

asserted. The Trenton limestone is undoubtedly the 

most important source of oil and gas in the geological 

scale of the United States at the present time. On 

the other hand, Newberry's doctrine, that the great 

supplies of the Pennsylvania field are derived from 

Devonian shales, is becoming more firmly established 

and more generally accepted every year, though it 

seems likely that he has laid too much stress on 

bituminous shales. In other words, the theories are 
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not exclusive of each other. Different fields have 
different sources. We can accept, without inconsis- 
tency, the adventitious origin of the oil in Pennsylvanian 
sandstones, and its indigenous origin in the shales of 
California, or in the limestones of Canada, Kentucky 
or Ohio." 



CHAPTER IT. 

SOURCES OF SUPPLY. 

Geographical and Geological Occurrence. — 

It is often erroneously supposed that petroleum is a 
comparatively rare substance, the truth being that 
there is scarcely any part of the globe in which traces 
of it do not occur. It is an equally common mistake 
to imagine that the discovery of petroleum is neces- 
sarily of commercial importance. ' Whilst there are 
few substances more widely distributed in nature, the 
conditions requisite for the formation of a valuable 
store of the material unfortunately exist only in a 
limited number of localities, although, as is well 
known, the areas in which it occurs in abundance are 
extensive. 
No con- No fixed connection has been shown to exist between 

nection with ^ e locates where petroleum is known to occur and 

limits of land m r 

and sea. the present limits of land and sea ; equally rich, and 
equally scanty, deposits being found inland on the 
continents, and in the oceanic islands. Bitumen is 
also met with to about an equal extent in the tropics, 
the temperate regions, and the polar districts, but the 
greater part of the oil-fields of the world are situated 
north of the equator. 
Association Attention has been drawn by several writers to the 
with moun- circumstance that the principal petroleum deposits are 

tain ranges. . _ • i • 1 i • 

intimately associated with the great mountain ranges. 
Thus Peckham states in his admirable Census Report 
on Petroleum that in the New World oil is found at 
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the North -West in Alaska and in the Mackenzie 
district, whilst other producing areas extend from 
Point Gaspd in Quebec to Nashville in Tennessee ; 
from San Francisco to San Diego ; from Northern 
Nebraska along the Missouri river, and directly south 
of the Gulf of Mexico ; from Cuba through the Lee- 
ward and Windward Islands to Trinidad and thence 
along the northern portions of South America to the 
Magdalena River, and southward to Cape Blanco in Peru. 

In the Old World, passing westward from Baku, we 
find oil at many points along the range of the Cau- 
casus Mountains, whilst on the northern knd southern 
slopes of the Carpathians we have the well-known 
deposits of Galicia and Roumania. 

It must not, however, be assumed that there is any No neces- 
connection between the origin of petroleum and the J^ r ^J° n 
positions of the deposits in relation to the mountain origin, 
ranges, the rational explanation of the "intimate 
association " referred to being that it is usually in the 
neighbourhood of the mountains that the strata have 
by the same changes as those which created the 
mountains and valleys been thrown into a form suitable 
for the aggregation of the oil. 

Some form of bitumen appears to have been pro- Geological 
duced in all the principal divisions of geological time, a ^ *^ 
and in the following table, prepared by Mr. W. H. distribution 
Dalton, the various localities in which bitumens have of bltumens - 
been found in large or small quantities are classified 
geologically : 

Quaternary Lancashire, Schleswig-Holstein , Red Sea, Mexico. 

Pliocene . Italy, Sumatra, Borneo, New Zealand. 

Miocene Auvergne, Italy, Algeria, Egypt, Zante, Rou- 

mania, Austria, Caucasus, Persia, Turkes- 
tan, Assam, Burma, Eastern Archipelago 
(Java, Sumatra, Borneo, (fee), Japan, 
Alaska, California, Mexico, West Indies, 
New Zealand. 
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Oligooene 



Eocene 



Cretaceous . 



Neocomian . 



Jurassic 



Triassic 
Permian 
Carboniferous 



Devonian 
Silurian 

Cambrian 

A RCH.fi an 



Switzerland, Elsass, Galicia, Caucasus, Alaska, 
and other areas included under Eocene or 
Miocene by various authors. 

Spain, Italy, Egypt, Turkey, Koumania, Austria, 
Caucasus, Baluchistan, Punjab, Assam, 
Burma, Eastern Archipelago, Utah, Texas, 
Mexico, New Zealand. 

Switzerland, Hanover, Greece, California, 
Wyoming, Colorado, Athabasca, New 
Zealand. 

Spain, East France, Switzerland, Hanover, 
Austria, Roumania, Syria, Venezuela, West 
Indies and other areas included under 
Cretaceous by various authors. 

England, Switzerland, Elsass, Hanover, Colo- 
rado, Mexico, Argentina and possibly 
other South American regions. 

Elsass, Hanover, Punjab, China. 

Autun, Saxony. 

Great Britain, South Russia, Central and Eas- 
tern United States, New Brunswick. Some 
of the deposits now assigned to the Car- 
boniferous were formerly classified with 
the Devonian. 

England, North Russia, Ontario. 

East Canada, Central and Eastern United 
States, Newfoundland. 

British Columbia and Alberta (Kootenay Pass). 

Sweden (bituminous gneiss of Nullaberg), East 
Canada (graphite). 



Principal Whilst, however, petroleum occurs in all the chief 

de P° 81 * sin geological divisions, the important deposits are all 
young rocks, found either in the older rocks or in the compara- 
tively young Tertiary formation, the intermediate 
periods yielding far less abundantly. In this connec- 
tion it may be mentioned that the beds which do not 
yield oil are in general just as well fitted to hold and 
discharge it as those which produce it abundantly, but 
the conditions requisite for the formation or preserva- 
tion have been absent. 
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A certain conformation of the strata is requisite for Requisite 
the concentration of the petroleum product in such ^on of strata, 
strata, and it has long been recognised that the anti- 
clinal* or terrace-structure which characterises the 
principal oil-fields is a most important factor in the 
accumulation of the oil. The anticlines, which have Anticlines 
been formed by the slow contractile movements of the °ais ntlCh " 
earth already referred to, usually occur as a series of 
broad low arches, separated by synclines. They often 
extend for long distances, and with great regularity, 
but are not infrequently crossed by subsidiary anti- 
clines, which themselves play a not unimportant part 
in the aggregation of the oil. Owing to difference of 
density the oil and water present separate into 
two layers, the upper consisting of oil which fills 
the anticlines, whilst the water remains in the syn- 
clines. Any gas which may be present rises to the 
summits of the anticlines. When the slow folding of 
the strata is accompanied by a gradual local descent, 
a modified or "arrested" anticlinal structure known 
as a ''terrace" is produced, the upheaving action at "Terrace" 
that part being sufficient only to arrest the descent 8tructure * 
which would otherwise occur. The terraces may thus 
be regarded as flat and extended anticlines. They 
need not be horizontal, and sometimes have a dip of a 
few feet per mile, as in the case of the Ohio and 
Indiana oil-fields, where the dip varies from 1 to 10 
feet. These slight differences in level, however, are 
found to have a most powerful effect in the direction 
already mentioned. Generally, it may be said that 
the strata from which the main supplies of oil and gas 
have been obtained in the United States are usually 
unbroken, nearly horizontal, and but little disturbed. 

* When strata lie in this shape *—•> , they are said to form an 
anticlinal or anticline ; when in thi* shape v — y , a synclinal or 
syncHne. 
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The importance of the anticlinal structure has been 
equally observed in the oil-fields of the Caucasus, the 
Carpathians and elsewhere. 

The formation of large deposits of petroleum is, how- 
ever, dependent upon something more than we have 
yet considered. We may have the necessary deposit 
of organic matter, subjected to the requisite conditions 
to effect its conversion into petroleum, and we may 
have the anticlinal structure favouring the accumula- 
tion of the oil produced, but in addition we need a 
rock of sufficient porosity to serve as a reservoir for the 
oil, and above it an impervious stratum to preserve the 
oil from evaporation and oxidation, and from being dis- 
placed by water. 

The principal deposits which provide the necessary 
porosity for the storage of the oil are sandstones, con- 
glomerates, and limestones. Shaly sandstones and 
slaty shales also serve as reservoir-rocks in a lesser 
degree. In the case of limestones, a natural porosity, 
such as is found in the coarsely-crystalline varieties, 
or a certain amount of chemical change resulting in 
the formation of interspaces capable of receiving the 
oil, appears to be necessary for the formation of a true 
reservoir-rock. Such change is usually dolomitic, con- 
sisting in the conversion of the calcium carbonate 
forming the limestones into the double carbonate of 
calcium and magnesium known as dolomite, this 
occupying less space than the unaltered limestones. 
It is therefore characterised by the production of such 
numerous spaces between the dolomite crystals that 
the rock becomes capable of retaining a large volume 
of oil. This dolomitic change appears to be capable of 
occurring only in the purer limestones. The Trenton 
limestone, for instance, is thus modified only where 
almost free from silica, the changed parts showing 
about 54 per cent, of calcium carbonate and 44 
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per cent, of magnesium carbonate. A large pro- 
portion of the Trenton limestone is too impure 
to permit of the change, and is destitute of oil and 
gas. Even in rich oil- fields the dolomite has only 
been formed in a small portion of the stratum. When 
followed northward in Ohio and Indiana, the Trenton 
limestone is found to have become dolomitic through 
a small thickness only of its upper beds. The changed 
and unaltered portions occur at short intervals, but 
only the former contain the oil and gas. The change 
usually affects from 10 to 50 and in some cases 100 
feet of the stratum, and has occurred along a line 
passing into Indiana through the principal oil and gas 
fields of Ohio. 

In addition to possessing a porous structure, the Usual, 
reservoir-rock must be entirely covered by an impervious lm P ervlous 

J J r cover. 

layer, the commonest and most perfect cover being a 
fine-grained shale, whose imperviousness and freedom 
from fracture are essential to the complete preservation 
by the reservoir-rock of its liquid or gaseous contents. 
The fractured character of the strata in Central and 
Eastern Pennsylvania may account for the absence of 
oil and gas in these districts. In oil-bearing territory 
the occurrence of a porous rock beneath a cover-rock 
usually results in the formation of an oil-field. 

As regards the capacity of the various oil strata to Capacity of 
serve as an oil reservoir, experiments performed on the P orous rock - 
rock itself have shown that an oil-bearing pebble-rock 
may contain one-tenth or even one-eighth of its bulk 
of oil ; and, as Carll has observed, the pores of the 
rock would permit of the ready removal of the largest 
supplies ever obtained, without the necessity for the 
channels which were at one time supposed to exist. 
The dolomitised portions of the Trenton limestone have 
been found to possess about the same capacity. Orton 
has pointed out that if a stratum a few hundred feet 
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in thickness carries but one-tenth per cent, of petroleum, 
every square mile of such territory would contain more 
oil than has ever been removed from a like area of the 
most productive field ; and, taking Sterry Hunt's calcu- 
lation of the oil contents of the petroliferous dolomite 
of Chicago as a basis, he has determined the probable 
contents of -the almost universally-petroliferous Water- 
lime stratum of Ohio. Estimating, he says, its petro- 
leum content at one-tenth of one per cent, and 
the thickness of the stratum at 500 feet — both of 
which figures are probably within the limits — we find 
the petroleum contained in it to be more than 
2,500,000 barrels to the square mile. The total pro- 
duction of the great oil-field of Pennsylvania and 
New York to January 1885 was 26,000,000 barrels. 
It would require only three ordinary townships, or a 
little more than 100 square miles, to duplicate this 
enormous output from the Waterlime alone. These 
estimates would account for a yield far exceeding the 
amount that has actually been obtained, although, as 
pointed out by Ash burner, small areas of the best 
fields of Pennsylvania have yielded as much as 
900,000 barrels per square mile. In the enormously 
rich petroliferous region of Baku the oil-sand is esti- 
mated to contain one-fifth of its bulk of petroleum. 

Oil and gas are met with in drilled wells not 
infrequently under great pressure, the highest pressures 
occurring as a rule in the deepest wells. The closed 
pressure in the Trenton limestone in Ohio and Indiana 
is about 200-300 lbs. per square inch, although a much 
higher pressure has been registered in many wells. 
The gas-wells of Pennsylvania indicate about double 
the pressure of those drilled in the Trenton limestone, 
600-800 lbs. not being unusual, and even 1000 lbs. 
having been recorded. The extremely high pressure 
under which the oil is met with in wells drilled in 
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some parts of the Russian oil-fields is a matter of 
common knowledge, and a fountain or spouting well 
resulting therefrom is one of the "sights" of the 
country. A famous fountain in the Grozni oil-field 
in the northern Caucasus, which began to flow in 
August 1895, was estimated to have thrown up during 
the first three days 1,200,000 poods (over 4,500,000 
gallons, or about 18,500 tons) of oil a day, quickly 
destroying the derrick which had been erected. It 
flowed continuously, but in gradually diminishing quan- 
tity, for fifteen months, and afterwards periodically. 

The following theories have been propounded to cause of the 
account for the pressure : pressure. 

(1) That it results from the weight of the overlying 
strata. 

(2) That it is due to water-pressure, as in artesian 
wells, the percolating water which enters the stratum 
at its outcrop forming the " head." 

(3) That it is caused by the gradually accumulating 
gas having had no opportunity for escaping, and being 
thus brought into a highly compressed condition. 

Lesley has pointed out that the first theory is Lesley's 
evidently untenable, and is now practically abandoned. cnticisms - 
Even the most friable of the reservoir-rocks is capable 
of resisting the pressure of the overlying deposits; 
thus the weakest portions of the Trenton limestone 
have been shown to withstand a crushing weight of 
720 tons to the square foot, whereas the pressure on 
the stratum at the bottom of a well of over 1000 feet 
in depth would be only about 80 tons. The rocks are 
also found perfectly compact at all depths reached by 
the drill. 

The hydrostatic or artesian theory has many dis- Hydrostatic 
tinguished advocates, and has been particularly upheld theor y- 
by those who have studied the great gas-fields of Ohio 
and Indiana ; whilst, on the other hand, it appears to 
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be quite inapplicable to the fields of Pennsylvania and 
New York, where, if not in all other fields, the third 
theory is evidently perfectly tenable. 

Sources of Commercial Supplies. — At one time 
the world's supplies of petroleum products were almost 
wholly contributed by the United States, but for some 
years past very large quantities have been obtained 
from Southern Russia, and the output of crude petroleum 
in Russia is now greater than that of the oil-fields of 
America. The Russian petroleum industry has, how- 
ever, long since become a fuel industry, the original 
primary product for use in lamps now occupying the 
position of a by-product in the manufacture of the 
fuel-oil (astatki), of which the crude oil yields about 
60 per cent., and only a comparatively small pro- 
portion of the less volatile hydrocarbons being con- 
verted into lubricating oils and gas-oil. It will thus 
readily be understood that it has been possible to build 
up a business of immense magnitude and importance 
without much interference with the older petroleum 
industry of the United States ; and it may be added 
that the effect of such competition as has arisen has 
been more than balanced by increased consumption, 
so that the American petroleum industry may be said 
to be in a more flourishing condition than at any previous 
period in its history. 

The present tendency is, unquestionably, in the 
direction of the development of a number of more or 
less local centres of production, with the result that 
a gradually-increasing number of countries are con- 
tributing to meet the ever-growing demands for 
petroleum products. At the same time it seems 
probable that, owing largely to the suitability of the 
crude oil found in a large number of the United States 
oil-fields for the manufacture of the whole series of the 
usual commercial products, the American petroleum 
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trade will long continue to occupy a position of supre- 
macy in respect of such products. 

Amongst other countries in which petroleum is various 
obtained in large quantities are Canada, Galicia, countries? 
Roumania, the Eastern Archipelago (Java, Sumatra, 
and Borneo), Burma and Japan. It is also produced 
in Elsass, Italy, Assam, and Peru, and is known to 
occur in many other places in Russia and the United 
States besides those in which it is being worked, also 
in the North -West Territories (in the district of Atha- 
basca), the Province of Quebec (near the extremity of 
the Gaspe peninsula), Ecuador, Colombia, Mexico, 
Alaska, Algeria, Hungary, the Gold Coast, Newfound- 
land, the West Indies, and New Zealand. 

The United States Petroleum Industry. — 
According to the report of the United States Geo- 
logical Survey on the production of petroleum in the 
United States during the year 1899 (the report for 
1900 is not yet issued), compiled by Mr. F. H. Oli- 
phant, the most conspicuous features of the industry 
for that period were (1) the total production was con- Features of 
siderably in excess of that of the previous year ; (2) thc industr y- 
there was a large increase in the number of wells 
completed in both the Appalachian and the Lima- 
Indiana oil-fields ; (3) in South-Eastern Ohio and in 
Texas there was a largely increased production ; and (4) 
only about 7 per cent, of the total production was 
obtained outside the Appalachian and Lima-Indiana 
fields. 

The Appalachian field includes all the districts "Pennsyi- 
producing what is known as "Pennsylvania oil." I^dMHt 011 
extends from Wellsville in New York State on the 
north-east, through western Pennsylvania into West 
Virginia, and includes a large portion of south-eastern 
Ohio. Its extension through Kentucky and Tennessee 
into northern Alabama has not been attended with 
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any noteworthy developments. The total production 
in the Appalachian field for 1899 was 33,050,076 
barrels, as compared with 31,711,857 barrels in 1898. 
The greatest increase was in south-eastern Ohio, 
where the output was more than doubled, and the 
greatest falling off was in Pennsylvania. 

The Lima-Indiana field includes the whole of Indiana 
and that portion of north-western Ohio in which Lima 
petroleum, found in the Trenton limestone, is produced. 
The production decreased from 20,321,323 barrels in 
1898 to 20,225,356 barrels in 1899. 

The following is a tabular statement of the pro- 
duction in the various States for the years 1897, 1898, 
and 1899 : 









PRODUCTION 






1897. 


1898. 


1899. 


State. 




Barrels. 
1,279,155 


Barrels. 
1,205,250 


Barrels. 


New York 




1,320,909 


Pennsylvania 




17,982,911 


14,743,214 


13,053,603 


West Virginia 




13,090,045 


13,615,101 


13,910,630 


Ohio . 




21,560,515 


18,738,708 


21,142,108 


Indiana 




4,122,356 


8,730,907 


3,848,182 


Kentucky 




322 


5,568 


18,280 


Missouri 




19 


10 


132 


Colorado 




384,934 


444,388 


390,278 


California 




1,903,411 


2,257,207 


2,642,095 


Texas . 




65,975 


546,070 


669,013 


Indian Territory 




625 








Illinois . 




500 


860 


360 


Wyoming 




3,650 


5,475 


5,560 


Kansas .... 


81,098 


71,980 


69,700 






60,475,516 


55,364,233 


57,070,850 
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The total production of crude petroleum in the Total 
United States during 1899 was 57,070,850 barrels (of f n r °u^ n 
42 American gallons or about 35 Imperial gallons), states, 
as compared with 55,364,233 barrels in 1898 and 
60,475,516 barrels in 1897. 

The aggregate output of the oil-fields of the Aggregate 
United States during the past forty years (up to the during past 
end of 1899) amounts to no less than 943,513,609 4<> years, 
barrels. If we allow 5*6 cubic feet to one barrel of 
petroleum, this quantity of oil would fill a space 
equivalent to 5,283,676,210*4 cubic feet. The sides of 
a cube to contain this volume of oil would have to be 
1741*7 feet in length. This amount of oil would fill a 
tank with a base of one square mile to a height of 189 
feet. It would fill 31,450 iron tanks of 30,000 barrels 
capacity, and these tanks, touching side to side, and 
placed in a straight line, would extend a distance of 
nearly 480 miles. Of this great total, Pennsylvania 
has furnished 62 per cent. ; Ohio, 23 per cent. ; West 
Virginia, 9*3 per cent. ; Indiana, 3 per cent. ; and 
California, 1*5 per cent. ; leaving 1*2 per cent, as the 
quantity furnished by the other States producing 
petroleum. 

The Russian Petroleum Industry. — The pro- 
ducing territory in the Baku district comprises the oil- 
fields of Balakhany, Sabuntchi, Romany, Binagadi, The various 
and Bibi-Eibat, the aggregate area being under ten B a ^ clds of 
square miles. The Balakhany-Sabuntchi territory, 
and the adjoining districts of Romany and Binagadi, 
are situated on the Apscheron peninsula, about eight 
miles north-east of the town of Baku, whilst the Bibi- 
Eibat field lies two to three miles south of Baku. The 
production of these fields during the last three years Production. 
(1897 to 1899) has been as follows : 
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Grozni 
district. 



Production. 



District 


1897 
Poods. 


1898 
Poods. 


1899 
Poods. 


Balakhany 
Sabuntchi 
Romany . 
Binagadi . 
Bibi-Eibat 


100,336,495 
162,610,054 

96,266,133 
197,462 

62,514,479 

421,924,623 


108,836,439 

179,828,697 

100,523,699 

227,730 

96,526,783 

485,943,848 


114,854,151 
230,757,289 

98,581,782 
213,386 

80,840,807 


525,247,415 



1 pood = 86*1127 lbs. avoirdupois. Note. — In comparing the 
production of crude petroleum in Russia with the production of 
crude petroleum in the United States, 8 poods may be taken as the 
equivalent of the American " barrel " unit. 

In the year 1893 attention was directed to the pro- 
lific character of the oil-bearing lands of Grozni, in the 
Terek district, about 500 miles north of Baku, and 
recent developments in this field point to the con- 
clusion that the Grozni oil-field will be a formidable 
rival of those at Baku. The production in the Grozni 
district during the years 1897, 1898, and 1899 has 
been as follows : 



1897 
1898 
1899 



27,568,794 poods. 
17,716,899 „ 
25,194,566 „ 



Petroleum also occurs in many places in the 
Apscheron peninsula, in the Kuban district, in the 
Crimea, and at Petchora, in the north of Russia, near 
the Ural Mountains. 

The Canadian Petroleum Industry. — In the 
Enniskillen district, in Lambton County, Ontario, 
petroleum has been obtained in large quantities for 
the past forty years. According to a statement made 
by the Imperial Oil Company, Limited, of Canada, the 
Production production was as follows for the years 1898 and 

in Canada. 1 899 • 
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35 







Barrels of 35 imperial gallons. 




1898. 


1899. 


Petrolia . 
Oil Springs 
Bothwell . 
Plympton 
Dawn 
Euphemia 
Zone 
Dutton 




513,179 

133,366 

66,404 

25,000 

5,923 

5,227 

901 


a 528,641 

b 107,487 

65,044 

3,622 






750,000 


704,794 



a. Includes production from Plympton. 

b. Includes production from Dawn, Euphemia, and Zone. 

Note. — The imperial gallon has one-fifth greater capacity than the 
American gallon. The Canadian "barrel" of 35 imperial gallons 
contains 2*4 cubic inches more than the United States " barrel " of 
42 American gallons, so that the two units of measurement are 
nearly equivalent. 



Other Sources. — Petroleum is largely produced in 
Galicia (Austria-Hungary), Roumania, and Elsass. Gaiicia. 
The Galician oil-belt extends for a distance of about 
220 miles along the northern slopes of the Carpathian 
Mountains, whilst the Roumanian deposits occupy the 
south-eastern and southern slopes of the Southern 
Carpathians or Transylvanian Alps. The Galician oil- 
fields have been worked by means of drilled wells for 
many years, but it is only recently that those of 
Roumania have been similarly developed, though Roumania 
petroleum has long been obtained in the latter 
country from hand-dug wells. Owing to its favourable 
geographical position, and to the successful results of 
recent borings, Roumania seems likely to assume a 
position of considerable importance among petroleum- 
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Production producing countries. The production of petroleum in 

in Galicia. Q a H c i a i n 1 898 was ag follows : 



Production 
in Rou- 
mania. 



District. 


Metric centners of 100 kilos. 
(220-462 pounds.) 


Drohobycz 

Jasielski .... 

Stani&lau. 

Other districts . 


2,200,780 

966,850 

106,870 

80,010 


3,304,510 



or 330,451 metric tons of 2,204*62 lbs., equal to 
2,376,108 American " barrels " of 42 gallons. 

The production of crude petroleum in Eoumania in 
1898 and 1899 was, according to the Imperial and 
Royal Austro-Hungarian Consulate in Ploiesti, as 
follows : 



Locality. 


Tank carloads of 100 metric centners. 


1898. 


1899. 


Baiooi .... 
Glodeni .... 
Campina .... 
Doftana and Bustenari 
Ochisori and Matitza 
Sarata (Buzeu)) 
Tega J 
Other localities 


340 
1,925 
2,650 
2,730 

160 

1,185 
1,667 


800 
2,300 
8,500 
3,860 

880 

1,890 
2,100 


10,657 


19,830 



Other reports give a much larger production, trust- 
worthy statistics being difficult to obtain. 
Germany. The production of crude petroleum in Germany in 
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1899 amounted to 192,232 barrels. Of this, the fields 
of Elsass yielded 168,203 barrels, and those of Hanover 
24,029 barrels. The production in Italy for 1898 was Italy. 
14,489 barrels, and of this 13,734 barrels were 
obtained in the Province of Piacenza. In the United United 
Kingdom petroleum has been met with only in small Kin & dom * 
quantities, but, as is well known, the production of 
mineral oil by the distillation of shale is an im- shale oil. 
portant industry in Scotland, 2,137,993 tons of shale 
having been mined in Great Britain, chiefly for dis- 
tillation, during the year 1898. 

In Java the production of crude petroleum has for Java, 
several years past exhibited steady progression. In 
Sumatra the output, which for 1899 showed a con- Sumatra, 
siderable falling-off from that of the previous year, has 
lately been largely augmented. In Borneo the recent Borneo, 
drilling operations at Kotei have already resulted in 
a large production of fuel-oil, for the distribution of 
which adequate arrangements are being made. 

The production of the Japanese oil-fields for 1899 Japan, 
was reported to be about 800,000 barrels, and it is 
estimated to have been increased to probably as much 
as l£ million barrels for the year 1900, the chief 
centres of activity being in Echigo. 

In Upper Burma the primitive hand dug wells in Burma, 
the Yenangyaung oil-fields, which, in the days of King 
Theebaw, yielded the u Rangoon oil " of commerce, 
have long been superseded by drilled wells, and an 
industry of great importance has been created by the 
Burmah Oil Company. According to the official 
returns, the production in India for 1898 was 
18,972,368 imperial gallons (542,068 American 
"barrels"), and of this Burma contributed 92 per 
cent., the remainder being obtained in Assam, where A«sam. 
the Assam Oil Company has already met with remark- 
able success in drilling operations. 



38 HANDBOOK ON PETROLEUM. 

Peru. The production of crude petroleum in Peru for 1899 

was about 900,000 barrels. 
Magnitude It will thus be seen that the petroleum industry, as 
as a* whole. a w ^ole, is in a condition of rapid extension, and to 
afford some idea of its present magnitude, it may be 
stated that a pipe 41 inches in diameter would be 
needed for the conveyance of the petroleum which the 
world is at present using, assuming a rate of flow of 
3 feet a second ; and that for the storage of a year's 
supply a rectangular cistern 929 feet in length, breadth, 
and height would be required. 



CHAPTER III. 

PRODUCTION, REFINING, ETC. 

The United States. — The petroleum well proper The pctro- 
is an artesian well, and the development of the petroleum eum wel 
industry in the United States dates from the sinking 
of the first oil-well of this description in 1859. 

The first operation connected with the drilling Constmc- 
of a petroleum well is the building of the derrick. J^^* 11 * 
This structure is pyramidal in form, and consists of 
four strong timber uprights which rest on stout wooden 
sills and are held together by ties and diagonal braces. 
The depth of the well, or, more correctly, the length 
of the string of drilling tools, determines the height of 
the derrick. In most of the principal oil-fields of the 
United States, where the oil-bearing rock lies at a 
depth of 2000 feet or more beneath the surface, it is 
necessary to employ long and heavy strings of tools, 
and consequently here the derrick is at least 70 feet 
in height, by about 20 feet square at the base, and 
4 feet square at the summit. The upper ends of 
the four corner posts of the derrick are firmly held 
in position by a strong timber structure called the 
crovm-blocky which itself is surmounted by a pent 
roof. The floor of the derrick is slightly cambered, 
and the lower part of the structure is frequently boarded 
in. A ladder leads from base to summit of the derrick. 

Immediately outside the derrick, on the strong waiking- 
wooden foundation, stands the samson-jnst, a stout beam » * c# 
square pillar of wood, which carries the walking-beam. 
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There is a smaller upright inside the derrick, termed 
the headache-post or life-presewer, to support the end 
of the walking-beam when disconnected. The end of 
this beam outside the derrick is connected by means of 
a rod called the pitman, with a crank attached to the 
axle of the band-wheel. This wheel runs in bearings 
on two uprights, and is caused to revolve through the 
medium of a belt or band driven by a steam-engine in 
an adjoining shed, thus imparting a rocking movement 
to the walking-beam. 

The steam-engine is of the horizontal pattern, of 
12 to 15 h.-p., and is fitted with reversing gear. The 
boiler is of the locomotive type, and is often fired with 
natural gas. To the side of the derrick opposite the 
samson-post are fixed the bearings of the bull-wheel, a 
wooden windlass of substantial construction, used for 
lowering and raising the drilling tools. The bull- 
wheel is driven by the bull-rope, a two-inch plain-laid 
cable, joined by iron couplings, which runs, crossed, in 
grooves in the bull-wheel and in the drive- wheel on 
the band-wheel shaft. The bull-wheel is provided 
with a powerful band-brake. A second and smaller 
windlass, called the sand-reel, is also provided. This 
windlass is used for raising the detritus and water 
from the well. It is fixed close to the band-wheel, 
and one of its supports is pivoted to the foundation 
of the derrick. Attached to this support is a rod 
which passes into the derrick, where it is connected 
with a vertical lever. This lever actuates a friction- 
clutch on the sand-reel shaft, bringing it into contact 
with the band- wheel and thus imparting motion. The 
driller can, from the mouth of the well, start or stop 
the revolution of the sand-reel. The telegraph is an 
endless cord passing round a pulley oh the throttle- 
valve of th« engine and a similar pulley in the derrick, 
flu* rAviWt ng-link is also operated by a cord, and the 
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running of the engine can thus be controlled from the 
interior of the derrick. The bull-wheel being driven 
through the medium of the band-wheel, the pitman 
which gives motion to the rocking-beam is disconnected 
when the bull-wheel is used, and similarly the bull- 
rope is thrown off when the pitman is in use. The 
cable used to support the drilling tools is a six-inch Drilling 
(two inches in diameter) untarred Manilla rope. It cablc * 
passes from the great windlass over a grooved wheel, 
termed the crown-pulley, fixed in the crown-block at 
the summit of the derrick, and thence to the drilling 
tools. 

The principal tools used in drilling are : Driiiing- 

toola. 
Rope-socket. 

Sinker-bar. 

Jars. 

Auger-stem. 

Bit. 

The jars may be likened to a couple of elongated and j ar s. 
flattened links of a chain constructed to slide freely 
within each other. This device was invented in 1831 
by William Morris, and its function is to give the drill 
a sharp jar on the upward stroke, thus loosening the 
bit if it has become jammed in the rock. 

The jars practically divide the string of tools into 
two sections, the one delivering a blow downwards 
and the other a blow upwards. The auger or drill, Auger or 
which cuts and pulverises the rock, consists of the bit, 
or cutting tool, the auger stem to provide the neces- 
sary weight, and the lower link of the jars. The 
sinker-bar and upper link of the jars provide the Sinker-bar. 
necessary momentum for delivering an upward blow 
on the inside of the lower link of the jars. Besides 
bits of various sizes, the necessary outfit includes 
reamers to enlarge the bore of the well, winged sub- Reamers, 
stitute placed above the bit to keep it from glancing c ' 
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off, larger jars, temper screw, and clamps, wrenches, 
sand-pumps to remove the detritus, and bailer to 
remove water from the well. The temper-screw 
hangs from a hook on the end of the walking-beam 
over the mouth of the well, and its function is to 
provide for the gradual lowering of the tools as the 
drilling proceeds. At the lower end of the temper- 
screw are the clamps, which can be screwed together 
so as to grasp the drilling cable at the required point. 
The sand-pump is frequently a plain cylinder of gal- 
vanised iron, about 6 feet or more in length, provided 
at the bottom with a valve opening inwards. This 
valve has a stem projecting downwards so that when 
the empty cylinder is lowered to the bottom of the 
well, the valve opens, allowing detritus to enter, and 
again, when withdrawn from the well and lowered into 
a trough, the opening of the valve permits the contents 
to escape. The valve, of course, closes by gravitation 
as the cylinder is raised from the well. Another form 
of sand -pump has, in addition to the bottom valve, a 
plunger attached to an iron rod passing through a 
stirrup spanning the top of the cylinder. This appa- 
ratus is suspended from the upper end of the plunger- 
rod, and when it reaches the bottom of the well the 
slackening of the rope allows the plunger to descend to 
the bottom of the cylinder. When the rope is 
tightened the plunger is first raised, thus facilitating 
the entrance of the detritus. When the plunger has 
reached the stirrup the cylinder itself begins to rise. 
The rope to which the sand -pump is attached passes 
over a small pulley at the top of the derrick and 
thence to the sand-reel. The bailer, which is used to 
remove water or oil from the well, is constructed 
similarly to the simpler form of sand-pump, but is 
much longer. Besides the drilling tools it is necessary 
to provide a number of appliances termed fishing-tools. 
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These, as their name implies, are for the recovery of 
drilling tools which may have been lost in the well, 
and their forms necessarily vary considerably. 

The first step in the drilling of a well is to sink a Drilling a 
conductor through the surface ground to the solid bed- wel1 * 
rock. When the superficial clays and gravels are not 
more than 10 to 15 feet in thickness, a common well- 
shaft, 8 to 10 feet square, is dug to the rock, and a 
wooden conductor, somewhat greater in internal Conductor, 
diameter than the proposed bore of the upper part of 
the well, is placed so as to extend from the surface of 
the rock to the floor of the derrick, the gravel and 
mud being kept out of the well by a carefully-made 
joint between the rock and the conductor. When the 
depth of superficial soil is too great to admit of digging 
down to the rock, strong iron piping, called drive-pipe, Drive-pipe, 
furnished at the lower end with a sharp-edged shoe, is 
forced down by means of a mall working in guides, as 
in pile-driving. 

If the bed-rock is reached at a less distance than 
about 60 feet from the surface, the drilling tools cannot 
at first be used in the ordinary manner, and the drill- 
ing has then to be commenced by the operation termed 
spudding. In this operation the cable by which the Spudding, 
drilling tools are suspended is coiled two or three 
times round the axle of the revolving bull- wheel, the 
end being held by the driller; or the cable is 
attached to the crank of the band-wheel through the 
medium of what is known as a jerk-rope. In either 
method the cable is alternately tightened and slack- 
ened. When a sufficient depth is reached to admit 
of the regular use of the drilling tools, the cable is Use of driii- 
properly coiled on the bull -wheel axle, the bull rope is in & tools - 
thrown off, the pitman connected with the crank, and 
the string of tools lowered to the bottom of the well. 
The jars having closed by the slackening of the cable, 
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the slack is taken up by turning the bull -wheel by 
hand until the cross-heads of the jars come together. 
A few inches of cable being then paid out, and the 
temper-screw suspended from the walking-beam being 
screwed home, the cable is grasped by the clamps at 
the lower end of the temper-screw ; sufficient cable 
being then uncoiled from the bull-wheel, the tools are 
suspended from the walking-beam, and upon the beam 
being set in motion the tools at once begin to rise and 
fall, the rate of movement being so timed that the drill 
delivers forty or fifty blows a minute. As the drilling 
proceeds, the driller, who has his hand on the temper- 
screw lever, gives the cable a slight twist, and thus 
causes the chisel-end of the bit to do its work evenly 
the entire surface of the bottom of the well. 



over 



"Dressing* 
the bit. 



Sand- 
pumping. 

Work 
continuous. 
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From time to time it is necessary to draw the string 
of tools up into the derrick either for the purpose 
of " dressing" the bit, which consists in heating the 
cutting end in the forge-fire and hammering it out to a 
blunt edge of the required width (the object of " dress- 
ing " is to preserve the width of the bit, as this deter- 
mines the diameter of the well) ; or it may be needful 
to remove the detritus from the well by means of the 
sand- pump. At night the derrick is lighted by a 
primitive form of lamp burning crude oil. The opera- 
tion of drilling is conducted day and night, but very 
seldom proceeds long without some accident neces- 
sitating the use of fishing-tools. Sometimes the fishing 
operation is unsuccessful, and wells have been abandoned 
after months of labour with the string of tools still in 
the hole. 

As the drilling progresses the bore-hole has to be 
lined with artesian casing, in order in the first place to 
exclude the water met with in the upper strata and 
afterwards to prevent caving. The casing is added in 
successive lengths screwed together. The exclusion of 
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water is effected by seating the lower end of the casing Exclusion of 
on a hard and impervious stratum lying below the watcr# 
water-bearing formation, or by means of one of the 
various forms of " packer " designed to close the annular 
space between the casing and the bore-hole. When 
this has been effected a second string of casing is placed 
within the first, the drilling being continued through 
the second string, and as each string can usually only 
be lowered to a moderate depth, the finished well 
frequently contains several strings, each extending from 
the surface. As an illustration of the sizes and lengths sizes and 
of casing which may be employed the following par- len ? th8 of 
ticulars are given : 



ncln 

"J 



682 feet of 10-incln 
1,060 „ „ 7| „ J- internal diameter. 
1,750 „ „ h\ 



On completion the well is usually " torpedoed," with " Torpedo- 
the object of increasing the yield of oil. The torpedo ^*j' the 
consists of a charge of nitro-glycerine in a suitable 
"shell" which is lowered to the oil-bearing level and 
there exploded. 

The great majority of wells in the United States do Pumping 
not flow, and the oil has to be raised to the surface by from weU * 
a pump. The arrangement employed for this purpose 
consists of a lift-pump attached to the lower end of a 
string of two-inch tubing extending to the bottom of 
the well, the sucker being connected with the walking- 
beam by a string of wooden rods passing up through 
the tubing. In some cases wells which would not 
ordinarily flow can be made to do so by confining the 
gas which would otherwise issue with the oil. 

Before the completion of the drilling of the well, a Receiving- 
circular wooden tank is erected to receive the oil. tank - 
Such tanks commonly hold about 250 barrels, but some 
are of two or even three times that capacity. As soon 
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- as the well commences to yield, either by flowing or by 
■ being pumped, notice is given to a representative of 
the transportation and storage company, who connects 
the tank with the company's mains, by means of a 
two-inch pipe. When the tank is full the quantity of 
oil is gauged by the company, 3 per cent, is deducted 
for " shrinkage," or loss in transportation ; one-eighth 
or other agreed proportion is appropriated to the land- 
owner ; the remainder is entered to the credit of the 
producer in the books of the company and a certificate 
for this quantity is given to the producer. In the 
early days of the petroleum industry in the United 
States, the only method of transporting the oil from 
the well was to place it in oak barrels holding from 
forty to fifty gallons, and to convey these barrels by 
road to Oil Creek, where their contents were emptied 
into barges holding about 2000 barrels. The navigation 
of Oil Creek was not ordinarily possible and was at all 
times attended with great risk, and much oil was lost 
through barges coming into collision. This method of 
transportation, in default of a better, continued until 
the latter part of the year 1862, when a branch of the 
Atlantic and Great Western Railway was carried into 
the oil regions, and at a later date the Allegheny 
Valley Railway was opened from Oil City, at the 
mouth of Oil Creek, to Pittsburg, and a number of 
narrow-gauge railways were constructed as feeders. 
Crude oil was at first conveyed by rail in barrels coated 
internally with glue, but the small quantity of water 
present in the oil was found to dissolve the glue and 
cause the barrels to leak. To remove this difficulty 
and to reduce the cost of handling the oil, tank waggons, 
consisting of two wooden tanks placed on an ordinary 
truck, were introduced in 1865-6. These early tank- 
waggons held from 2000 to 4000 gallons. In 1871 a 
tank-car similar to those now employed was introduced. 
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This consists of a horizontal cylindrical tank of boiler- Modern 
plate, lying upon a truck and furnished with a dome 
such as a horizontal steam-boiler has. The tank is 
provided with an orifice in the top of the dome for 
filling, and with a valve beneath, by which it can be 
emptied. The tank now employed is about 24 ft. 6 in. 
in length by 5 ft. 6 in. in diameter, and holds nearly 
4500 American gallons (3748 imperial gallons). Tank 
barges, 130 ft. in length by 22 ft. beam and 16 ft. in Tank 
depth, divided into eight compartments by oil-tight barges - 
bulkheads, have been largely employed for the convey- 
ance of oil on the Allegheny river. 

The credit of having first suggested the laying of a First pipe- 
pipe-line appears to belong to General Karns, but Mr. 
Hutchinson was the first to carry out the idea. 
Hutchinson's pipe, however, was so defectively con- 
structed as to be useless. The first successful pipe- 
line was probably the one laid by Van Syckle, of 
Titusville, in 1865, and was four miles in length. It 
was not until 1875 that a trunk-line was laid. This First trunk- 
extended from the lower oil country to Pittsburg, a 
distance of 60 miles, and was four inches in diameter 
As the refining trade developed it became concen- 
trated on the Atlantic seaboard and the shores of concentra- 
Lake Erie, the transportation of the crude material to ^.Vj 
the refineries thus becoming a business of great im- Atlantic and 
portance, and from 1878 to 1881-2 the construction Lake Erie - 
of trunk-lines was continuous. The pipe used in these Pipe for 
trunk-lines is made specially, and is of wrought-iron, trunk * ne9, 
lap- welded. It is tested to a pressure of 1500 lbs. per 
square inch, the working pressure being 900 to 1200 lbs. 
or even more. The pipe is in lengths of 18 ft., 
provided at each end with coarse and sharp taper 
threads, nine to the inch, and the lengths are connected 
with long sleeve-couplings, also screwed taper. The 
line is usually laid two or three feet below the surface 
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of the ground, although in some places it is exposed, 
and at intervals bends are provided to allow for expan- 
sion and contraction. At the pumping-stations there 
are tanks of boiler-plate, usually about 90 ft. in dia- 
meter, by 30 ft. in height, the oil being pumped from 
the tanks of one station to those of the next, though 
sometimes a loop is laid round a station, and the oil 
has thus been pumped a distance of 110 miles with one 
engine. Worthington pumping-engines, from 200 to 
800 h.-p., are employed. These pumps have indepen- 
dent plungers, with exterior packing, valve-boxes sub- 
divided into small chambers and leather-lined metallic 
valves with low lift and large surfaces ; they are so 
constructed that before one plunger has completed its 
stroke another has taken up the work, thus keeping 
the column of oil in continuous motion. The pipe- 
lines are cleared of obstructions caused by sediment 
deposited by the oil, by the use of an ingenious 
instrument termed a "go-devil." This apparatus 
consists of a conical brush of steel wire furnished 
at the base, or rear end, with a leather valve in four 
sections, strengthened with brass plates and with steel 
wire guides. The "go-devil" is pumped through 
with the oil, and travels at about three miles an 
hour. Its progress can be traced by the scraping 
sound emitted, and it is followed from one pumping- 
station to another by relays of men, who must not 
allow it to get out of hearing, otherwise, in the event 
of its progress having been arrested by an obstruction, 
it may be necessary to take up a considerable length of 
piping to ascertain its position. The oil is pumped 
into storage tanks, which are usually 93 ft. in diameter 
by 30 ft. in height, have slightly conical wooden roofs 
covered with sheet-iron, and hold 35,000 barrels each. 
Russia. — In the drilling of petroleum wells in the 
Baku district and other parts of Russia, derricks and 
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drilling tools presenting a general similarity to those 
already described are employed, but in many cases a 
string of iron rods takes the place of the drilling cable, iron rods in 
These rods are from 40 to 60 ft. in length, and are licu of cable§ 
screwed together, an additional rod being added from 
time to time as the drilling proceeds. This system is 
by some considered preferable to the American, espe- 
cially when the strata to be drilled through lie irregu- 
larly, but it is, undoubtedly, far less expeditious, as Rod system 

considerable loss of time is involved in unscrewing the lcss .. . 

i expeditious. 

rods when the tools are required to be raistd from the 
well. The Russian wells are of much greater diameter wells of 
than those in the United States, a commencing dia- J eatc [ 
meter of 26 inches or more being now not unusual, 
and are ordinarily lined with riveted casing, but as 
such casing is found to imperfectly exclude water, 
screwed artesian casing is now used for the smaller Casing, 
sizes. Owing to the large quantity of sand which is 
mingled with the oil, it is impossible to use ordinary 
pumps in the wells, and when the wells do not flow 
the oil is raised by a bailer, similar to the sand pump on raised 
or bailer already described as in use in the United b ? bailcr - 
States, but of larger size. 



REFINING. 

The stills usually employed in petroleum refineries 
are of horizontal cylindrical form, constructed of boiler- 
plate, and surmounted by a dome furnished with a 
vapour-pipe. These stills, which may be 30 ft. in size of stills, 
length by 12^ ft. in diameter, but are sometimes 
smaller, are set in brickwork furnaces, and are heated 
by solid or liquid fuel. When the crude oil in such Process of 
a still is subjected to gradually increasing heat, the ^J^ 1 ^ 
constituents are successively converted into vapour, (intermit- 
substantially in the order of their volatilities, though tent)< 

D 
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the separation thus effected is by no means perfect, as 
the oils of higher boiling-point are to some extent 
carried over by the vapour of those of lower boiling- 
point. The vapourised oil passes through the vapour- 
pipe of the still into the condenser, which may consist 
of an iron pipe or series of pipes surrounded by cold 
water, and is thus brought again iuto the liquid con- 
dition. In this way any desired classification of the 
products may obviously be effected. 

The process described, in which the still is periodically 
refilled,is known as the "intermittent system of fractional 
distillation," and is that which is always adopted in the 
United States. On the other hand, in Russia what is 
Continuous known as continuous distillation is employed. This 
involves the use of a series of stills heated to suc- 
cessively higher temperatures, which are carefully 
maintained, and the crude oil is caused to flow slowly 
and continuously through the whole series, being thus 
subjected to a steadily increasing heat while the tem- 
perature of the contents of each still remains practically 
constant. In this manner each still yields a product 
of given volatility corresponding with the temperature 
at which it is maintained. The loss of time, waste of 
fuel, and injury to plant involved in cooling down and 
re-heating the stills in the intermittent system are 
thus avoided. 

In practice it is usual to divide the distillation into 
two operations, the more volatile products, petroleum 
spirit and kerosene, being obtained in the first, and the 
residue being transferred to other stills to be heated to 
a higher temperature with the object of separating the 
lubricating oils, &c. 

The condensing arrangement terminates in what is 
known as the tail-house, where provision is made for 
diverting the stream of distillate into various tanks. 
The products, thus classified in accordance with in- 
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dustrial requirements, are usually purified by treatment Chemical 
successively with sulphuric acid and a solution f trcatmcnt - 
caustic soda, followed by washing with water; but 
when the crude oil contains sulphur a special process 
is also adopted to remove this impurity. The lubri- 
cating-oil distillates yielded by petroleum containing Paraffin 
solid hydrocarbons are subjected to a low temperature, se P aratioa ' 
when the paraffin crystallises and is separated from 
the oil by means of filter-presses and hydraulic presses. 
The paraffin is refined by treatment with animal char- 
coal, and may be thus rendered colourless, odourless, 
and tasteless. 

It will readily be understood that this is but a mere 
outline of the process of refining, but it will suffice to Process 
give a clear indication of the principle upon which the me t i* ly d 
refiner converts the raw material into the products 
met with in commerce. Information respecting the 
character of these products will be found in the following 
chapter. 

The manufacture of shale-oil carried out in Scotland Scottish 
commences with the destructive distillation of the fndiVtry. 
shale, crude oil and ammonia being obtained in this 
operation. The crude oil, amounting to about thirty 
gallons from the ton of shale, is fractionally distilled in 
substantially the same manner as the petroleum, con- 
tinuous distillation being adopted ; but, in consequence 
of the comparatively complex composition of the shale- 
oil, the operations, though similar in principle to those 
of the petroleum refiner, are less simple, at least two 
distillations being requisite to effect the desired separa- 
tion of the products. 

MARINE TRANSPORT. 

The building of tank steamships for the marine Tank 
transport . of petroleum has steadily progressed, and 8teamcrs * 
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every recent year has seen important additions to the 

fleet of these vessels, some of those recently launched 

having a carrying capacity of as much as 8500 tons. 

Principles of The essential features of construction of tank steamers 

construe- 

tion. are : . . 

(1) Provision for the expansion of the oil under an 
increase in temperature. 

(2) Provision for keeping each tank full by automati- 
cally supplying any loss due to leakage or to contrac- 
tion consequent upon a fall in the temperature of the 
oil. 

(3) Provision for the escape of the gases given off by 
the oil. 

(4) Special precautions to prevent the passage of any 
oil into the boiler space. 

The engines and boilers are placed either amidships 
or at the after end of the vessel, being in either case 
isolating separated from the oil-space by coffer-dams. In the 
coffer-dams. f ormer method of construction the oil-tanks are both 
forward and aft of the machinery space, and the screw- 
shaft is carried through the after tanks in a tunnel. 
Division of The oil-tanks are subdivided by transverse bulkheads, 
oil-tanks. an( j ^y an am idship8 fore and aft bulkhead, the sides of 
the tanks being formed by the skin of the ship. 

STORAGE AND DISTRIBUTION. 

Ports of The kerosene imported into Great Britain and 

d v 8C ?t ft T J n Ireland from the United States and Russia in bulk is 

the United 

Kingdom, landed at the ports of London, Liverpool, Manchester, 
Barrow, Bristol, Cardiff, Shields, Sunderland, Hull, 

London Plymouth, Dublin, and Belfast. In London the 
principal wharves are at Purfleet, Thames Haven, 
Millwall, and Beckton on the Thames, and at Bromley 
and Bethnal Green on the Lea Cut and Regent's Canal 
respectively. The tank steamers discharge direct into 
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the storage-tanks at Thames Haven, Purfleet and 
Beckton, and tank barges are employed for the landing 
of the oil at the other wharves named, the steamers 
lying, during the discharge, at moorings in the Thames 
at Greenwich and Black wall. There are also smaller Smaller 
storage installations at Hammersmith, Battersea, £°J2J|. 
Fulham, Camber well, Hampstead, Camden Town, Bow, tions. 
Deptford and Greenwich, and there are many still 
smaller tank depots at railway stations and elsewhere 
to facilitate the distribution of the oil carried by barges 
and tank railway-waggons. The larger storage instal- storage 
lations are provided with vertical cylindrical iron or ^*tf e " 
steel tanks, placed on the ground, but surrounded with 
a moat formed by embankments or walls, of a capacity 
equal to that of the tanks enclosed. These tanks are 
usually from about 40 to 70 ft. in diameter, by about 
25 to 30 ft. in height, but in some instances are as 
much as 90 ft. across. The largest hold over one 
million imperial gallons, each inch of depth being 
equivalent to about 3300 gallons. Some of the tanks 
have a flat top with a raised edge forming areceptacle 
for water, and others a slightly domed top. At the 
distributing stations on the railways, horizontal cylin- 
drical tanks are employed. 

At Liverpool, the Mersey Docks and Harbour Board installations 
have erected, in the neighbourhood of the Herculaneum * n( ^ lverp001 
Dock, a number of vertical cylindrical tanks, of about Manchester. 
2000 to 3000 tons capacity each, into which the tank 
steamers discharge direct through an 8-inch pipe-line. 
There are similar installations on the Ship Canal, 
Manchester, and at the other ports already named. 

Comparatively little kerosene is now landed in 
barrels. Lubricating oils are imported in bulk from 
Russia, but from the United States have until quite 
recently been wholly brought in barrels. 

Under the regulations made by the Thames Conser- 
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petroleum vancy, petroleum spirit, which is brought into the port 
at Thames* °^ London in barrels from the United States, is landed 
Haven, for at Thames Haven. Provision for the storage of 
petroleum spirit in barrels is also made at the ports of 
Liverpool and Bristol. 
Gas-oil. Gas-oil, which is imported in bulk, is to a large 

extent delivered direct from the steamer to the works 
of the gas companies, where it is stored in tanks of the 
usual construction. 
Bulk Kerosene is largely conveyed in bulk from the 

tf'teraene ma ^ n storage-installations by rail in tank- waggons, or 
in some instances by tank-barges on the canals, to sub- 
sidiary storage-dep6ts, and is thence distributed to the 
retailers in the road tank- waggons with which readers 
of this book are familiar. In this manner most of the 
burning oil from the refineries of the United States and 
Russia now reaches the retail dealer without the em- 
ployment of the barrel, in which delivery was formerly 
made, . 



CHAPTER IV. 

COMMERCIAL PRODUCTS OP PETROLEUM, SHALE-OIL 
AND COAL-TAR. 

Crude petroleum, as it comes from the well, is an oily Nature of 
liquid varying in physical and chemical characters c ™J£ lc1im 
in different districts and countries, and at different 
depths in the same district. It is usually of a brown 
colour by transmitted light, but by reflected light Colour, 
commonly exhibits a green colour. Some descriptions 
are, however, so dark in colour as to appear black 
unless viewed in a thin stratum, and, on the other 
hand, crude oil is occasionally met with of a pale 
yellow colour. The odour of crude oil of good quality Odour, 
is generally considered not unpleasant, but when 
sulphur compounds are present in the oil the odour 
may be most offensive. Crude petroleum is nearly 
always lighter than water, its specific gravity, accord- Specific 
ing to the authors' experience, lying between the &***&' 
extremes of 771 and 1*020 (water = 1 -000), but being 
usually a little below # 800 to less than '900. The 
lighter descriptions are highly inflammable, and very inflamma- 
freely give off vapour, not only at ordinary tempera- bihty ' 
tures, but even when cooled to zero Fahrenheit. 

Crude petroleum may be described as a complex Chemical 
mixture of hydrocarbons (compounds of carbon and 
hydrogen), ranging from the gaseous (for some descrip- 
tions of American petroleum evolve gas which has been 
held in solution) to the solid (paraffin wax), and we 
have seen in the previous chapter that the first object 
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of the refiner is to separate these hydrocarbons by frac- 
tional distillation, and group them in such proportions 
as to give the desired commercial products. Petroleum 
also frequently contains sulphur (as already mentioned), 
oxygen, and nitrogen. 

By distillation Pennsylvania petroleum yields from 
8 to 10 per cent, of " naphtha/' from 70 to 80 per cent, 
of " refined oils," and from 5 to 9 per cent, of " resi- 
duum," the loss being about 5 per cent. The naphtha, 
on being re-distilled, may be divided into " gasoline " 
and the various other less-volatile products hereafter 
described, but gasoline itself is sometimes further sub- 
divided into " cymogene," " rhigolene," and " gasoline/' 
Cymogene boils at 32° F., and can, therefore, only be 
preserved in a liquid state in a freezing mixture or 
under pressure, whilst rhigolene has a boiling-point of 
65° F. These liquids, which have in admixture a 
specific gravity of '636, are used for surgical purposes as 
a local anaesthetic. A highly volatile product, of 
specific gravity '625, obtained from gasoline, has long 
been employed for the same purpose in admixture with 
sulphuric ether. The generic term of " petroleum 
ether " is applied to the product in question (not the 
mixture), but various other descriptions of " petroleum 
ether " made in this country are, as will be seen from the 
particulars subsequently given, of higher specific gravity 
and lower volatility. Gasoline, the specific gravity ot 
which usually ranges from '642 to *648, is used to carburet 
air, in what are known as air-gas machines, for burning 
as an illuminant, and is also largely employed as fuel in 
cooking-stoves in the United States. A product, 
known formerly as " boulevard gas-fluid," with a 
specific gravity of about '680, has for a long time been 
burned in the United States in street naphtha lamps. 
A similar spirit, to which the makers gave the name of 
" petrol/' has been manufactured for many years in this 
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country, and in common with " '680 spirit" or " 76° 
spirit" (its density being about 76° on the Baum6 
scale) of American manufacture, is largely used as a 
source of power in the internal-combustion engines of 
automobile vehicles, and as a fuel in steam motor-cars 
of a certain type. " Deodorised naphtha," or " benzo- «Benzo- 
line," # which has a specific gravity of about 700, is also hnc " 
used in motor-cars, as well as for detergent purposes 
(in the process known as " dry-cleaning"), and as a 
source of light in sponge-lamps (lamps containing an 
absorbent material). By careful fractionation, various 
descriptions of "petroleum ether," of which the follow- "Petroleum 
ing are examples, are manufactured in this country cther " 
from deodorised benzoline (boil ing- point, say, 130° to 
350° F.) :— (1) Specific gravity '630, boiling-point 82° 
to 142° F. ; (2) specific gravity *640, boiling-point 89° 
to 145° F. ; (3) specific gravity '667, boiling-point 128° 
to 198° F. (used for extracting resins, &c.) ; (4) specific 
gravity '689, boiling-point 130° to 212° F. (for ' ; de- 
naturing " alcohol); (5) specific gravity '703, boiling- 
point 176° to 240° F. (for extracting gums, &c.) ; (6) 
specific gravity 725, boiling-point 212° to 270° F. (for 
extracting fats) ; (7) specific gravity 730, boiling-point 
220° to 290° F. (for extracting fats). The commercial 
pentane made in this country for use as a standard of Pentane. 
light in photometric work has a specific gravity of 
about '625 ('623 to '626) and a boiling-point of 76° to 
128° F. The boiling-points given in the preceding 
two paragraphs are those obtained with a thermometer 
having its bulb immersed in the liquid, the higher 
temperature being that at which the volatilisation of 
the contents of the retort is completed. Finally, the 
naphtha yields, as the least volatile of the products, 

* The term "prime city naphtha" is sometimes applied in the 
United States to the crude naphtha or benzoline which has not been 
submitted to the deodorising treatment. 
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" benzine," of a specific gravity of about '730, which is 
largely employed in " dry cleaning " as well as in oil- 
cloth and varnish making. 

The "refined oil" obtained from American petro- 
leum is of several descriptions, but only two of these, 
the ordinary American lamp-oil of commerce, and what 
is known as " water- white," or u high-test," oil, are im- 
ported into this country. The ordinary oil is usually 
of a pale straw colour, and has a specific gravity of 
about 796. Its flash-point is generally not much above 
the legal limit of 73° F. (Abel test). The higher grade 
of oil, of which the average crude petroleum yields 
only about 15 or 16 per cent., is colourless, or nearly 
so, and has a specific gravity of about '788. Its flash- 
point is over 100° F. (Abel). There is also manu- 
factured to a small extent a burning oil having a 
specific gravity of '825 to # 830 and a flash-point of about 
250° F. (Abel). Of this oil, which is known as mineral 
colza or mineral sperm or mineral seal oil, about 10 
per cent, may be obtained from the crude petroleum. 

The " residuum " already referred to yields, on further 
distillation, " intermediate oil," or " gas-oil " (used as a 
source of gas for illuminating purposes), a series of 
lubricating oils of gradually increasing specific gravity, 
viscosity, and flash-point, vaseline, and solid paraffin 
or paraffin-wax. 

The parallel products manufactured from Russian 
(Baku) crude petroleum are of somewhat different 
character. This description of petroleum yields, ac- 
cording to the district in which it is obtained, from 
2 to 10 per cent, of "benzine" (also termed light 
petroleum), from 27 to 40 per cent, of kerosene (burning 
oil), 4 per cent., or more, of the lighter description of 
" solar oil " for use in lamps, and from 50 to 60 down 
to 35 or 36 per cent, of "astatki" (residue). The 
benzine (sometimes divided into " light ,r and "heavy") 
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has a higher specific gravity than the corresponding 
product obtained from American petroleum, but 
the boiling-point is not proportionately higher. The 
kerosene usually has a specific gravity of "825 and a "Ordinary'* 
flash-point of about 85° F. (Abel). A small quantity ™ d t " high - 
of high-test kerosene, having a specific gravity of about kerosene. 
'823 and a flash-point of about 100° F. (Abel), is also Light solar 
made. The solar oil has a specific gravity of about '865 oll# 
and a flash-point of about 250° F. (Abel). A small 
proportion of the astatki is further distilled, with the 
object of obtaining solar-oil distillate, specific gravity solar oil 
about -875 and flash-point about 240° F., for use in distillate 

(eras— oil) 

gas-making, and a series of lubricating oils (the crude and 

oil contains scarcely any paraffin), but by far the greater 1 " bricatin « 

part of it is employed as liquid fuel, for which there is 

so great a demand in Russia that the astatki is really Astatki the 

the principal product, the refiner now seeking to make P" 1 ^* 1 

as much of this and as little of the other products as 

possible, consistently with the separation of sufficient 

of the more volatile constituents of the crude oil to 

give the astatki the requisite flash-point. 

From the Eastern Archipelago petroleum spirit Gas-oil and 
(benzine), gas-oil, and fuel-oil have already been Eastem^" 1 
brought in some quantity to this market. The gas-oil Archipelago, 
has a specific gravity of about '890 and a flash-point 
ranging from 120° to 150° F. (Abel), whilst the fuel-oil 
has a specific gravity of about '970 and a high flash- 
point. 

As a commencement has already been made by Roumanian 
Roumania in contributing supplies of petroleum products £^1*"™ 
to the markets of the United Kingdom, it may be well 
to mention that the crude oil of that country resembles 
American rather than Russian (Baku) petroleum. 
The products which have already been imported are Kerosene 
kerosene, specific gravity about '810 and flash-point and gas " olL 
74° F. (Abel), and gas-oil, specific gravity about '865 
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and flash-point ranging from 110° to 140° F. (Abel). 
A shipment of the crude oil has also been made to 
London. 

There is at present no prospect of liquid petroleum 

products being imported into the United Kingdom 

from countries other than those mentioned, so that 

no specific reference to the characteristic features of 

the oils of those countries is needed here. 

Scottish Allusion to the Scottish shale-oil trade has been 

^oducts ma de in previous chapters. The oil-shales of Midlothian 

and Linlithgow yield, by destructive distillation at a 

bright-red heat, about 30 gallons to the ton of mineral 

oil (besides ammonia), and this oil furnishes on fractional 

distillation a series of products resembling those obtained 

Crude shale- from petroleum. The crude shale-oil has a specific 

gravity of '860 to *890, and frequently is solid at 

temperatures below 90° F. owing to the large amount 

"Gasoline" of paraffin which it contains. It yields from 3 to 6 

«na htha M P er cen *- °* "gasoline" and "naphtha," about 30 

burning oils, per cent, of burning oils (for use in lamps), about 

fubricatin* ® P er cen ^ °* gas-oil, about 20 per cent, of various 

oils and lubricating oils, and about 10 per cent, of paraffin. 

para n. rj^ b urn i n g \\ s l iave a specific gravity of about '810 

and a flash-point of about 105° F. (Abel). 
Brown-coal In Saxony similar products are obtained from lignite 
and peat or brown-coal, but these are not imported into the 

products. ' t r 

United Kingdom. Peat of good quality yields by 
destructive distillation from 3 to 6 per cent, of tar, from 
which burning oil, lubricating oil and paraffin can be 
obtained, but the attempts which have been made to 
carry out the process on a commercial scale have not 
been successful. 
Coal-tar and The coal-tar of gas-works is a black, more or less 
coal-tar viscid liquid, of characteristic odour, of specific gravity 
usually between 1*1 and 12, and may be described as 
an extremely complex mixture of various hydrocarbons, 
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together with chemical compounds of carbon, hydrogen, 
oxygen, sulphur and nitrogen. It is employed in the 
crude state as a coating to protect or preserve wood, 
stone, brick-work and iron, and is largely used in the 
manufacture of roofing-felt. It is, however, chiefly of 
value as a source of benzol, anthracene, carbolic acid 
and other products. The tar may by a preliminary 
distillation be separated into four fractions, the first Distillation, 
consisting of " crude benzol " and " naphtha," the second 
of "carbolic oil," the third of "dead oil" (so called 
because it sinks in water), and the fourth of " anthra- 
cene oil," the residue constituting " pitch." The two 
earlier fractions are re-distilled, the first yielding 
" benzol" (benzene, toluene and xylenes), from which Benzol, 
after nitration and subsequent conversion into aniline, 
&c, artificial colouring matters are obtained, " solvent solvent 
naphtha " employed in dissolving caoutchouc (india- na P htha - 
rubber) for the manufacture of water-proof materials, 
&c, and for "dry-cleaning," and "heavy solvent 
naphtha," also known as " burning naphtha," largely Burning 
used for making anti-fouling compositions for ships' n *P htha - 
bottoms, and in admixture with petroleum spirit for 
burning in "flare-lamps" ; the second furnishing, upon 
further treatment, liquid and solid carbolic acid and Carbolic 
naphthalene, both of which are employed in the arti- acid# 
ficial-colour industry, the former also very largely for Naphtha- 
antiseptic purposes in surgery, as a disinfectant for ene * 
household purposes and for the manufacture of picric 
acid, whilst the latter in addition serves as an enricher 
of illuminating gas and as a substitute for camphor 
in preventing the ravages of insects in woollen goods 
and furs. The third original or main fraction, also 
called " creosote oil " or " heavy oil," which has a Creosote oil. 
greenish-yellow colour, due to fluorescence, but by 
transmitted light is dark-red, is chiefly used in the 
creosoting of timber. The fourth original fraction 



62 



HANDBOOK ON PETROLEUM. 



Anthracene. 
Pitch. 



Proportion 
of products. 



Production 
of coal-tar. 



Tar from 

coke-ovens, 

Ac. 



India-rubber 
solution, 
and paints 
containing 
petroleum. 



Paint dryers, 
&c. 

Classifica- 
tion of 
petroleum, 
shale oil and 
coal-tar 
products. 



yields anthracene, from which alizarine and other coal- 
tar colours are produced. The pitch is employed in 
street-paving, as well as in the manufacture of paints or 
varnishes, patent fuel (briquettes), roofing paper, &c. 

The proportions of the various products depend to a 
considerable extent upon the quality of the tar and the 
method of treatment adopted, of which the foregoing is 
merely an illustrative outline. The first original 
fraction may, however, be considered to represent 2*2 
per cent, of the tar by weight, the second 10*6, the 
third 7 "6, the fourth 16*9, and the pitch 60'5 per 
cent. 

Mr. Lewis T. Wright estimated that the amount of 
coal-tar produced and consumed in the United Kingdom 
in 1885 was 105,625,000 gallons, of which about 7^- per 
cent, was used for tarring, asphalting, &c, and about 
1 per cent, for retort-firing, so that 97,175,000 gallons 
went into the distiller's hands. 

Tars obtained from coke-ovens, gas-producers, and 
blast-furnaces (those in which the fuel used is coal), 
present, in some instances, essential differences from the 
tar of the gas-works, owing to the lower temperature 
at which they are obtained, and such tars are of less 
value. 

The Petroleum Acts havo been held to apply to 
substances containing " petroleum," such as paints and 
varnishes and india-rubber solution, and accordingly 
inspectors under the Acts may have occasion to subject 
such substances to the test prescribed. Liquid " paint- 
dryers " and turpentine-substitutes may also be found 
to come within the provisions of the Acts. 

In the following statement an attempt has been made 
to classify the various products of petroleum, shale-oil, 
and coal-tar met with in commerce in this country, to 
indicate their salient characteristics with a view to their 
identification, and to give the various names under 
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which they are sold. It may here be remarked that, 
on the whole, the commercial nomenclature of the more 
volatile products is vague and somewhat confusing. 
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PETROLEUM PRODUCTS. 

( Pentane . Used as a standard of light in photometric work. 
Specific gravity *625. Boiling-point 76° to 
128° F. 

Gasoline . Distinguished as *650 gasoline. Formerly alto 
called "canadol" in the United States. Specific 
gravity usually "642 to *648. Boiling-point, say, 
90° to 200° F. 

Petroleum At one time sold as " Sherwood oil " in the United 
Ether . States. For particulars of various descriptions 
of petroleum ether made in this country, see 
pp. 5$ and 57. 

680 Spirit Also known as " 680 or 76 c (that being the density 
on the Baume scale) gasoline, 1 ' " motor spirit," or 
"motor-car spirit," "petrol,"* "motorine," 
" carburine," and (in the United States) " boule- 
vard gas fluid." Specific gravity '680 (hence the 
name). Boiling point, say, 120° to 250° F. 

Benzoline Also termed "ordinary spirit " or " naphtha " when 
in the condition of the untreated distillate, and 
"deodorised spirit" when purified. Sometimes 
termed " city naphtha " in the United States. 
Also in that country known as " naphtha," and 
formerly as " Danforth's oil," when of a specific 
gravity of 690 to -700. Specific gravity -700. 
Boiling-point, say, 130° to 350° F. 

LigroIne . A term which has been applied to a product of 
specific gravity about '715, and boiling-point 
194° to 248° F., as well as to one of lower 
specific gravity. 

Benzine . Specific gravity -730 to '750. Boiling-point, say, 
248° to 302° F. This liquid must be distinguished 
from the coal-tar product benzene (benzol).t 



* Petrol is also made for motor-car use of specific gravity 700. 
t A description of benzine (cleaning benzoline) of specific gravity 
•703 is used for glove-cleaning, <fcc. 
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Note. — The foregoing products, as met with in this country, are 
made from American petroleum, either in the United States or here. 
The parallel products from Russian petroleum are not imported, but \ 

as already mentioned benzine has been brought to the United j 

Kingdom from the Eastern Archipelago. The whole of the 
products have flash-points far below the legal standard of 73° F., 
and most of them evolve vapour freely even at a temperature of zero ; 

Fahrenheit. They are therefore highly inflammable. Particulars | 

of various industrial uses of petroleum spirit in this country will be 
found in Appendix XV. 

Petroleum Also known as " refined petroleum," "petroleum " (in 
Oil. Russia), "kerosene," "crystal oil," "paraffin oil" 

(though this name is properlyapplied only to the shale- 
oil product). Also formerly termed " photogene." 
Two distinct classes of oils in this category are im- 
ported from the United States, and two from Russia. 
The general use of the names already given may 
be said to be confined to what may be termed the 
ordinary American product, which has a specific 
gravity of about *795 and a flash-point ranging 
from 73° F. (Abel) to a few degrees above, and 
the ordinary Russian product, the specific gravity 
of which is about '825 and the flash-point about 
85° F. (Abel). These oils are often sold under 
proprietary names or brands, such as " Tea Rose," ' 

"Royal Daylight "and "BearCreek"(American)and 
"Star and Crescent" and "Syringa" (Russian). The I 

high-test American oil is known as " water- white oil " I 

or by the brands of " W hite Rose " and " Snowflake." i 

It has a specific gravity of about '788 and a flash- J 

point above 100° F. (Abel). The high-test i 

Russian oil, sold under the brand of " Testefas," has j 

a specific gravity of about '823 and a flash-point of 1 

about 1 00° F. (Abel). An oil for use in lighthouses, J 

ifcc., is imported from the United States under the J 

name of "mineral colza oil," or " mineral sperm oil" 
or "mineral seal oil." It has a specific gravity of 
•825 to -830, and a flash-point of 250° F. (Abel). A 
corresponding product for use in lamps has been 
imported from Russia under the names of " pyro- 
naphtha" and " solar oil." The specific gravity is 
about '865 and the flabh-point about 250° F 
(Abel). Very large quantities of solar-oil distillate 
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are shipped from Russia to the gas companies in 
this country for use in the manufacture of 
carburetted water-gas. This distillate has a 
specific gravity of about '875 and a flash-point of 
about 240° F. (Abel). The gas-oil imported from 
the United States has a specific gravity ranging 
from '850 to '860 and a flash-point usually above 
100° F. (Abel). Paraffinum Uquidwrn is a 
colourless and inodorous oil, of specific gravity '880 
to -885, used for pharmaceutical purposes, and 
" mixing oil " is a less highly purified product, of 
similar specific gravity, which is mixed with other 
oils for certain purposes. 

Lubricating Of mineral oils for lubricating purposes, imported from 
Oil. the United States and Russia, an extensive series is 

met with in commerce under the names of " spindle 
oil," "engine oil," "summer dark oil," "winter 
dark oil" (the latter bearing exposure to a low 
temperature without losing its fluidity), "cylinder 
oil," " valve oil," <fec. In addition there are other 
oils of lower specific gravity and viscosity sold under 
the names of "neutral oil," "cleaning oil," " batch- 
ing oil," <fec. The oils in this category vary so widely 
that it would be difficult to specify their charac- 
teristics in any useful manner in this work. The 
flash-point is in all cases far above the legal 
limit. 

Solid Pro- These include, in addition to paraffin or paraffin wax, 
ducts. and paraffin tcale (unrefined paraffin wax), mineral 

jelly, termed pharmaceutical^ paraffinum molle 
and petrolatum, which is chiefly sold under the pro- 
prietary name of " vaseline," but is also known 
as "cosmoline," "saxoline," "geoline," " f ossiline," 
" petrolina," &c. Ozokerite is not a manufactured 
product of petroleum, but is a natural mineral wax 
found in Galicia. The purified material closely 
resembles beeswax and is employed as a substitute 
for the latter. Ozokerite also yields by distillation 
a candle-making material similar to paraffin, but of 
higher melting-point. It is scarcely necessary to 
say that the flash-points of these products are 
very far above the legal standard. 

£ 
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SHALE OIL PRODUCTS. 

Shale Spirit. Gasoline of specific gravity '640 to '660, and naphthas 
of specific gravities 718 to -720, -735 to -740 and 
*750 are manufactured at some works. The 
flash-points of the various descriptions of shale 
spirit are below the legal standard. 

Shale Oil. . The oils for use in lamps, sold under the names of 
"paraffin oil," " burning oil," "crystal oil," "petro- 
line," Ac, usually have a specific gravity of about 
•810, and a flash-point of 105° F. (Abel) and up- 
wards. A special oil for use in lighthouses is also 
manufactured with a specific gravity of '814 and a 
flash-point of 145° F. (Abel). Another product, 
of still higher specific gravity (about '836) and 
flash-point, is termed " marine oil." The specific 
gravity of intermediate oil or gas-oil produced 
from shale ranges from '840 to '865 and the flash- 
point from 150° F. (Abel) upwards. 

Lubricating Lubricating oils of various specific gravities and 
Oil, &c. viscosities, as well as soft and hard paraffin, are 

among the products obtained. 



COAL-TAR PRODUCTS. 

Naphtha. It is only necessary in this statement to mention 

the various naphtha-products.* These include 
benzene (benzol), the hydrocarbon 6 H 6 , which 
has a specific gravity of -884, a boiling-point 
of 177° F., and a flash-point below the tempera- 
ture of 32° F. at which it solidifies; toluene 
(OjHj), specific gravity 871, boiling-point 232° F., 
flash-point about 45° F. ; solvent naphtha (often 
described as having a specific gravity not above 
-875 and as distilling between 248° and 320° F.), 
specific gravity often about '867, and flash-point 
about 66° F. ; heavy solvent naphtha or burning 
naphtha (sometimes described as having a specific 
gravity of '880 to *887), specific gravity often as high 

* The so-called " sharp oil," used in lamps of the " Iucigen " type, 
has a specific gravity of about 1*060, and a flash-point of about 
160° F. 
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as 905, and flash-point about 116° F.*; 90 per cent, 
benzol (of which 90 per cent, by volume distils below 
212° F.), specific gravity— English -880 to -882, 
Scotch about -870, flash-point below 15° F. ; 
50 per cent, benzol (of which 50 per cent, distils 
below 212° F.), specific gravity— English "878 
to -880, Scotch -867 to -872, flash-point below 
15° F. 

Note. — "Benzine Oollas" is a name under which a description 
of mineral spirit, doubtless obtained originally from coal-tar, has 
been sold for detergent purposes for many years. (The label used 
includes the copy of a testimonial from the Master of the Royal 
Apartments, dated Buckingham Palace, October 30, 1858.) 

In order to show the relative extent to which various descriptions 
of petroleum products occur in commerce in this country, statistics 
of imports are given in Appendix I. 

The employment of petroleum products as liquid Various 
fuel, as a substitute for coal in the manufacture of gas p*t* °' um 
for illuminating and heating purposes, as a source of products 
power in internal-combustion engines, and as lubricants, increa8in s- 
is rapidly increasing as the attendant advantages 
become recognised, and adequate supplies are rendered 
available. An impetus has also recently been given to 
the use of kerosene as an illuminating agent, for it has 
been demonstrated that when burned in a specially 
constructed mantle- lamp in the form of vapour, under 
pressure, a brilliant light, well adapted for streets and 
large buildings, can be obtained from this oil at a less 
cost than by the use of any other illuminating agent, 
and as each lamp is self-contained the installation of the 
system can be effected without any opening of the ground 
such as is necessary in laying a service of gas-mains. 
There is, therefore, reason to anticipate further vigorous 
growth of this already highly important industry. 

* Two descriptions of solvent naphtha are specially prepared 
which have flash-points a little above 73° and 100° F. respectively. 
These products have specific gravities ranging from '890 to -9 1 5, accord- 
ing to the character of the tar from which they are manufactured. 



CHAPTER V. 

"FLASH-POINT" AND " FIRE-TEST.* 

Explanation The Petroleum Acts are made to apply to such petro- 
point Sh leum as, when tested in the manner prescribed, " gives 
off an inflammable vapour " at a temperature of less 
than 73° F. This wording is unfortunate, inasmuch as 
it has given rise to a great deal of misconception as to 
the real meaning of the term u flash-point," and as to 
its relation to the safety of an oil in storage and use. 

In the succeeding chapter, the various methods of 
testing petroleum for the determination of its flash- 
point are described in detail. It is, therefore, only 
necessary here to enunciate the broad principle on 
which all such tests are carried out. A sample of the 
oil to be tested is placed in a vessel, and is gradually 
heated up until, on application of a light, a blue flame 
or flash is seen in the space above the surface of the 
liquid. The temperature of the oil at this point is 
noted, and this temperature is now commonly called 
the "flash-point" of the oil. The Act of 1879 and 
all previous ones, however, call this the temperature at 
which the petroleum " gives off inflammable vapour." 
This has led many persons to suppose that at this 
temperature the oil undergoes some physical change, 
and suddenly commences to evolve vapour. As a 
matter of fact, like all other liquids, petroleum gives 
off vapour at all temperatures, and would continue to 
do so even if cooled down to zero Fahrenheit. What 
the Act really means is the temperature at which the 
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oil gives off, or has given off, sufficient vapour to form 
an inflammable mixture with the air, and this is a 
matter entirely dependent on the conditions under 
which the test is carried out. By varying these con- . 
ditions very wide differences may be made in the 
flash-point obtained with one and the same sample of 
oil. Consequently, to speak of the flash-point without 
naming the method by which it is to be determined is 
as meaningless as to name a degree of temperature 
without stating whether the Fahrenheit or Centigrade 
thermometer scale is intended. This fact appears to 
have been unknown to the framers of the Petroleum 
Act, 1862, in which a flash-point is specified, but no 
method of determining it is prescribed. 

In the subsequent Acts of 1868 and 1871 a test 
apparatus is laid down, but it was not until 1879 that 
the Legislature adopted a method, known as the Abel 
test,* in which the conditions are so far under control 
that anything like uniformity can be obtained in the 
hands of different experimenters. Further experience 
has, however, shown that still greater uniformity can 
be obtained by improvements in this instrument and 
in the method of its employment. 

The minimum proportion of vapour to air necessary Proportion 
to produce an inflammable mixture is about 1*8 per of vapour 

* m r necessary to 

cent. An increase to 2 per cent, of vapour renders form 
the mixture explosive, while when the proportion ^ 1 t ^ 1 e ve tb 
exceeds about 4 per cent., the liability to explosion the air. 
begins to disappear, but the mixiture continues to he 
inflammable. 

Now, not only does the temperature at which an oil 
gives off sufficient vapour to produce such proportions 
depend on many conditions, but the percentages them- 
selves are also liable to variations. It will be sufficient 
to discuss only the more important causes which are 
* See Appendix IT, 
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known to produce such variations, but there are doubtless 
many other conditions which have a more or less direct 
influence both on the temperature and the percentage 
of vapour. One of the most important conditions 
Conditions affecting the temperature at which an inflammable 
flash^ m< int. ra * xture °f vapour atid air may be produced, is the 
time during which the oil has been submitted to that 
temperature. As has already been pointed out, no 
ordinary sample of petroleum is homogeneous, and it is 
the vapour of its lighter and more volatile constituents 
which is first given off. If the proportion of light con- 
stituents is small, their vapour will be given off slowly, 
and it may take a very long time before a sufficient 
amount has been evolved to render a given volume of 
air inflammable. Consequently, in a closed vessel, if 
sufficient time is allowed, the vapour may continue to 
accumulate until an explosive atmosphere is formed, 
even though the oil may never have reached a tempera- 
ture as high as that of its flash-point determined by 
a test where the time is limited. On the other hand, 
if the oil is contained in a vessel which is not com- 
pletely closed, the effect of time may be just the reverse 
of that described. Thus, if the test is carried out in 
an open or partially open vessel, and if the rate of 
heating is made very slow, much of the vapour given 
off in the earlier stages of heating will diffuse into the 
outer air. In this way the proportion of lighter spirit 
will be diminished, and the flash-point determined by 
such a test will be higher than if the rate of heating 
had been more rapid. 

It is hardly necessary to state that the flash-point is 
very largely affected by the amount of ventilation 
which is afforded to the sample in the testing apparatus. 
The very wide difference between the results obtained 
with the test prescribed in the Act of 1871 and those 
of the Abel test, are principally due to the fact that in 
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the former apparatus the vapour at first given off 
escapes by diffusion, and is moreover liable to be carried 
away by currents of air ; therefore it is not until the 
temperature and consequent rate of evolution of vapour 
are raised sufficiently to counteract this effect that a 
flash is obtained. 

The size of the oil vessel also affects the result. 
Mr. Steuart stated before the Select Committee of 
1896, that by increasing the diameter of the oil vessel 
in the testing apparatus to 9 inches, he obtained with 
the same sample of oil a flash-point lower by 2° F. than 
that given by the Abel test. 

The pressure of the atmosphere is another important 
factor affecting the results. Careful experiments have 
shown that the flash-point is lowered by 1*6° F. for every 
inch reduction in barometric pressure. A table of 
corrections for height of barometer will be found in 
Appendix VIII., but it must be remembered that the 
use of this table for correcting the results of official 
tests has not yet received the sanction of Parliament. 

It is true that in this country, where no places of 
importance are at any considerable elevation above the 
sea, the variation of barometric pressure does not 
usually exceed 2 or 3 inches ; but it is conceivable that 
even in the United Kiilgdom, circumstances may arise 
in actual practice which will cause a considerable re- 
duction in atmospheric pressure. For instance, if oil 
were drawn from a large tank which is hermetically 
closed, a partial vacuum would be formed above the 
surface of the liquid ; and in such a case an explosive 
mixture of air and vapour may be formed even 
when the oil is at a temperature far below its legal 
flash-point. 

The amount of vapour produced may also be increased 
by agitation of the oil. Mr. Beilby has shown that by 
the violent shaking up of samples of oil with air in a 
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closed vessel, an inflammable atmosphere was formed 
when the oil was at a temperature 5° or 6° F. below its 
flash-point (Abel). 

If portions of the containing vessel are at a higher 
temperature than the oil itself, this may have a con- 
siderable effect on the rate of evolution of vapour. The 
liquid will creep over the surface of the heated parts by 
capillary attraction, and will then give off vapour at a 
greater rate than the bulk of the oil. The vapour so 
given off will no doubt have some tendency to condense 
on the cooler surface of the oil ; but owing to the 
nature of petroleum vapour, such condensation will 
take place only to a very limited extent. The effect 
may be therefore to produce a larger amount of vapour 
than might be expected from the temperature of the 
oil. Thus in a badly-designed testing apparatus, if 
parts of the oil cup are brought to a higher temperature 
than the oil itself, low flash-points may be obtained ; 
but such an apparatus would not be likely to yield 
uniform results. This condition has a more important 
bearing in the case of lamps, where the metal- work of 
the burner in contact with the oily wick may be at a 
very high temperature. Again, in a tank exposed to 
the direct rays of the sun the sides may be raised to a 
high temperature, whilst the bulk of the oil remains 
comparatively cool. 

It is not improbable that electrification of the oil, 
such as may occur from friction in pipes or even in a 
lamp burning in the neighbourhood of electrified bodies 
in a dry room, may have a considerable influence on 
the amount of vapour emitted. 

The above are some of the conditions affecting the 
production of vapour; but the question whether the 
amount of vapour produced is sufficient to form an 
inflammable or explosive atmosphere depends on yet 
other conditions. The most important of these is the 
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nature of the means of ignition. This affects the results 
given by any particular form of testing apparatus; and 
it is necessary therefore to specify the means of ignition 
somewhat minutely in order to obtain uniform results. 
In general it may be said that the larger and hotter the 
flame, the smaller will be the proportion of vapour 
necessary to produce an inflammable or explosive 
mixture. This proportion will also depend to a less 
extent on the volume of the mixture which is present. 

In order to show that variations in one or more of the 
above conditions may produce results differing widely 
from those given by the Abel apparatus, it is only 
necessary to state that Professor Dewar (1896 : Q. 7057) 
produced an explosion of vapour with an oil having a 
flash-point of 106° F. (Abel), when the temperature of 
the sample was only 86° F. Again, an accident occurred 
on May 31, 1895, at Harburg near Hamburg, where a 
tank containing oil of a flash-point of 107° F. (Abel) 
was struck by lightning and exploded, notwithstanding 
the fact that the temperature of the air, and presum- 
ably that of the oil, was only 82° F. at the time (1896 : 
Q. 1894). 

From the above considerations it will be seen that it Conclusions 
is not safe to draw conclusions from the results given 
in a testing apparatus as to the liability of a particular 
oil to produce an explosive atmosphere under the 
ordinary conditions of storage and use. Nor would it 
be possible to devise a test which would take into 
account all the conditions which may arise in practice, 
or in other words, which would show the lowest tem- 
perature at which any particular oil will produce an 
inflammable atmosphere under all possible circum- 
stances. This being the case, the questions naturally 
arise as to what is the use of a test at all, and on what 
principle should the legal flash-point be fixed. The 
answer to the first of these questions is that petroleum 
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of almost every degree of volatility, from solid paraffin 
to gasoline or even pentane, has its uses and is sold in 
this country. The lighter varieties evolve vapour so 
rapidly as to necessitate certain special precautions, 
while the petroleum oils, being less volatile, may be 
handled with comparative safety. Consequently it is 
necessary in the interests of public safety to draw a 
dividing line to separate these two varieties. Since the 
degree of danger increases uniformly with each degree 
as the flash-point becomes lower, there is no definite 
point at which the line can be drawn. Any such line 
must therefore necessarily be an arbitrary one, and it 
must not be supposed that there is a marked differ- 
ence of danger between an oil flashing at a degree 
above the fixed standard and one which flashes 
slightly below. 

Where, then, should this arbitrary line be fixed, and 
on what principle? If petroleum were now for the 
first time being introduced as a popular illuminant, and 
if we had no previous experience of its behaviour under 
various conditions, this question would be a very difficult 
one to answer. 

According to present knowledge, it is useless to base 
the figure of the flash-point on the maximum tempera- 
ture of the air in this climate, or of the oil in any 
particular lamp, because the conditions of the test are 
not the same as those which arise in actual practice. 
When petroleum was first introduced into this country 
this fact was not known ; and Dr. Letheby, who 
advised the Home Office when the Bill of 1862 was 
being prepared, appears to have been under the im- 
pression that there is some one definite temperature at 
which each particular sample of oil commences to 
"give off inflammable vapour." He is said to have 
stated that, according to his observation and experiment, 
there was no ordinary place of storage or lamp which 
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could reach a temperature of 100° F., and he therefore 
recommended that the flash-point should be fixed at 
that figure. As no method of testing was prescribed, 
this can hardly be said to have been the fixing of a 
standard ; but from the figure arrived at in 1862 on an 
erroneous assumption a standard has arisen, which has 
at any rate served the country's needs, and remained 
unchanged until the present day. 

As a matter of fact, it is upon experience alone 
that a standard of flash-point should be judged, and 
no alteration should be made in such standard on 
merely theoretical grounds. The real question is 
whether oil of a given flash-point has shown itself 
to be so dangerous by reason of its volatility as to 
require the standard to be raised, and if so, whether 
the advantage in point of safety outweighs any dis- 
advantage which may be involved. 

As recent proposals for raising the standard have 
been based mainly on the occurrence of lamp accidents, 
the further discussion of this question has been dealt 
with in the chapter on Petroleum Lamps. 

Another method of testing petroleum consists in «« Fire-test." 
determining, by means of a suitable instrument, the 
temperature at which the oil takes fire and continues 
to burn when a light is applied to the surface. This 
method has never been adopted in this country except 
in the case of lubricating oils, but is still in use in 
several of the States of America. The temperature so 
determined is called the "fire-test" of the oil. The 
results obtained, as in the case of the flash-point, are 
liable to variations according to the means employed 
in carrying out the test. So far no form of fire-test 
has been devised which gives nearly as uniform results 
as the Abel flash-test. For this reason it is not possible 
to give -an accurate comparison between the two methods 
of testing. The difference usually lies between 37° and 
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47° F. ; that is to say, an oil which flashes at 73° F. in 
the Abel apparatus will take fire at from 110° to 120° F. 
in the Tagliabue cup, this latter being generally used 
in America for determining the fire-test. 
Effect of In applying the fire-test, if the oil is allowed to become 

heating. heated locally by the igniting flame, it may be made 
to take fire at a considerably lower temperature than 
would otherwise be the case ; and wide differences in 
the observed temperature of ignition of a particular 
oil may thus occur in hands of different experimenters. 



CHAPTER VI. 
Testing.— flash-point, fire-test, etc. 

Kerosene. — The flash-point, or, in some cases, the 
fire-test, of kerosene forms the basis of legislation on 
petroleum in most civilised countries, and its accurate 
determination is equally important to the public and 
the trade. The customary limitation of specific gravity 
prevents the introduction of an undue proportion of the 
heavier hydrocarbons, which would injuriously affect 
the burning quality of the oil, but affords no security 
against the presence of very volatile hydrocarbons, 
which would render the oil unsafe for ordinary use. 

In the early days of the petroleum industry it was Primitive 
the custom to test kerosene by pouring it upon the ™gj|^ d of 
surface of warm water in a saucer, or by heating it in 
a cup placed in warm water, and bringing a lighted 
taper near the surface, but this primitive method was 
soon superseded by the use of instruments constructed 
for the purpose. Most of these instruments may be 
described as belonging either to the "open-test" class "Open-test" 
or to the " close- test " class. In the former division ™ d t ", close " 
the vessel holding the sample of oil is uncovered, 
whilst in the latter it is covered during the progress 
of the test. 

One of the earliest forms of open-test instruments Tagiiabues 
ia that of Tagliabue, shown in Fig. 1. It consists of °P en - tC8t 

, , . , instrument. 

a glass cup placed m a copper water-bath heated by 
a spirit-lamp. The cup is filled with the oil to be 
tested, a thermometer placed in it, and heat applied, 
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the temperatures being noted at which on passing a 
lighted splinter of wood over the surface of the oil a 
flash occurs, and, after further heating, the oil ignites. 
The former is the flash-point and the 
latter the fire-test. 

Squire's open-test apparatus was 
designed with a view to the ready 
adjustment of the test flame to the re- 
quired height above the surface of the 
oil. The oil cup was heated in a water- 
bath as usual, but the test-flame was 
furnished by a wick slightly protruding 
from a long tube extending from the 
side of a cylindrical reservoir charged 
with spirit. The reservoir was carried 
by an arm, which swung on a vertical 
rod attached to a heavy base, separate 
from the water-bath, and the height 
of it could be adjusted by means of a 
screw, so that the flame could, by 
swinging the lamp, be caused to pass 
over the oil at any desired distance from the surface. 

The inventor's directions were : For 110° oil the cup 
should be filled to within one-eighth of an inch from 
the top, the bulb of the thermometer extended into 
the oil up to the first cut line, and the height of the 
test-flame fixed at three sixteenths of an inch above 
the edge of the cup, or five-sixteenths of an inch above 
the surface of the oil. The apparatus should stand 
quite level, and the test-flame should be trimmed down 
to about the size of a dried pea. The heat of the lamp 
should be so regulated as to raise the temperature of 
the oil 5° in the first four minutes, and afterwards 10° 
every three minutes until 90° is reached, at which 
point the lamp is withdrawn for three minutes to nllow 
the temperature to become stationary (at 96° to 98°), 




Fig. 1. 
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when the test-flame is swung, beginning at 2 inches 
from the cup and terminating at the same distance on 
the other side, the movement occupying about half a 
second. If no flash occurs, the test-flame is again 
swung after a lapse of ten seconds, repeating the 
operation every two or three degrees until the burning- 
point is reached. The lamp should be removed before 
a test is made, until the temperature becomes sta- 
tionary. For 120° oil, the lamp should be allowed to 
remain until the thermometer indicates 100°, the tests 
being then applied in the manner described, only at 
every four or five degrees. 

An open-cup tester similar to that of Tagliabue, but Amaboidi's 
of somewhat larger 
size, and provided with 
a mechanical arrange- 
ment for passing the 
test-flame over the oil, 
was introduced by 
Arnaboldi. 

Inl879theSaybolt 
electric tester (Fig. 2) 
was adopted by the 
New York Produce 
Exchange. In this 
apparatus the oil is 
contained in an open 
by a spark from an 




open-test 
apparatus. 



Saybolt's 

electric 

tester. 



Fig. 2. 



cup, and ignition is effected 
induction coil, passing between 
platinum points placed at a fixed distance above the 
oil. The official directions for the use of the apparatus 
are as follow : 

" Fill the metal bath with water, leaving room for Directions 
displacement by the glass cup. Heat the water until 
the bath thermometer indicates 100° F., at which point 
remove the lamp. Fill the glass cup with oil to top 
line, indicated by the rim surrounding cup, which is 
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one-eighth of an inch below top edge of the cup. See 
that there is no oil on the outside of the cup, nor upon 
the upper level edge, using paper to clean cup in pre- 
ference to cotton or woollen material. See that the 
surface of the oil is free from air bubbles before first 
flash is produced. Lift the cup steadily with left hand 
and place in the bath. -Suspend the thermometer with 
the bulb of same immersed just from view under the 
surface of oil. Adjust the flashing bar and immerse 
the battery zincs in fluid. Try for first flash every 
degree until the same is obtained. Attain flash by 
producing spark with one stroke of the key. The 
stroke on the key should be such as in telegraphy is 
used to produce what is called a dot, that is, a short, 
quick stroke. The first flash produced from 110° test 
oil is generally obtained when the temperature of the 
oil has arrived at 90°. The temperature of the bath 
at 100° (as per note above) will carry the oil to about 
90°, or, in other words, to about the first flashing point, 
without the aid of a lamp. When the thermometer in 
the oil indicates 90°, introduce lamp under the bath, 
and do not remove until the operation is finished. The 
temperature of oil when placed in bath should not be 
lower than 55°, nor higher than 70° F. The flashing 
bar must be free from oil before adjusting for test. 
Draughts of air must be excluded from the apartment 
wherein tests are made. Oil of 110° and upwards 
shall (after first flash) be flashed at 95, 100, 104, 108, 
110, 112, 115. Oil of 120° and upwards, after first 
flash, 100, 105, 110, 115, 118, 120, 122, 125. Oil of 
130° and upwards, every 5° after first flash, until burn- 
ing-point." 
1868 English The first apparatus employed in this country in con- 
apparatus nect i° n with the legal definition of petroleum was that 
described in the schedule of the Petroleum Act, 1868. 
It consists of a slightly conical oil-cup of thin sheet-iron, 
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two inches deep and two inches wide at the opening, 
provided with a flat rim, and a raised edge a quarter 
of an inch high. # Across the cup and fixed to or rest- Apparatus 
ing on the edge is a wire, which is thus a quarter of an °* " the 
inch above the flat rim. The oil-cup is supported by chemists." 
the rim in a tin water-bath, four and a half inches 
deep and four and a half inches in diameter. The 
outer vessel having been filled with " cold or nearly Directions 
cold water," as much of the oil to be tested is poured for use ' 
into the cup as will fill it without flowing over the flat 
rim, and a thermometer with a round bulb, about half 
an inch in diameter, and so graduated that every 
10° F. occupies not less than half an inch on the scale, 
is then suspended in the oil so that the bulb is im- 
mersed about an inch and a half beneath the surface. 
A screen of pasteboard or wood of specified dimensions! 
having been placed round the apparatus, a " small " 
flame is applied to the bottom of the water bath, and 
when the temperature of the oil has reached 90° F., a 
" very small " flame is passed across the surface of the 
oil on a level with the wire, this application of the test- 
flame being repeated for every rise of " two or three " 
degrees in temperature, until a "pale-blue flicker or 
flash" is produced. The temperature at which this 
occurs having been noted, the experiment is repeated 
with a fresh sample of the oil, withdrawing the source 
of heat when the temperature approaches that noted 
in the first experiment, and applying the test-flame at 

* It was originally intended by the three chemists, Sir Frederick 
Abel (then Mr. Abel), Professor Attfield, and Dr. Letheby, who 
had reported on the subject, that an oil-cup three inches in depth 
and an inch and a half in diameter, to be only about half-filled with 
the oil, should be employed, without any screen, but these conditions 
were modified, as explained in chap. vii. 

t The schedule provides that the screen is to surround the 
apparatus about two-thirds, and is to reach " several inches above 
the level of the vessels." 

F 
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every rise of two degrees. In the use of this apparatus, 
it was found that oils of 120° F. fire- test, as determined 
in the United States before shipment, usually had a 
flash-point several degrees above the legal limit of 
100° F. 

It was soon discovered that the directions for testing 
given in the English Petroleum Act of 1868 were not 
sufficiently precise, and that the words " small flame " 
and " very small flame " were differently interpreted 
by various operators. As the result dealers were fre- 
quently proceeded against, and sometimes convicted, 
for selling kerosene flashing below the legal limit, 
although the oil had been passed by independent 
experts. Moreover, it was found that the open-cup 
tests were very untrustworthy, especially when made 
by comparatively unskilled and inexperienced persons. 

The substitution of a closed or covered oil-cup 
(Fig. 3) for the open cup was accordingly proposed 
by Mr. Keates, consulting chemist 
of the Metropolitan Board of Works. 
In 1871 a bill to legalise this change 
and to otherwise amend the exist- 
ing law was introduced, but it was 
opposed by the petroleum trade on 
the ground that the flash-point of 
85° F. advocated by Mr. Keates 
was much higher than the equiva- 
lent of the standard of 100° F. in 
use with the open cup. 

In 1875 the Government, with 
the concurrence of the Metropolitan 
Board of Works and of the Petro- 
leum Association, requested Sir 
Frederick Abel to experimentally 
investigate the matter with a view to placing it on a 
satisfactory basis. The questions referred were as follow : 




Fig. 8. 
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Terms of 
" 1. Whether the method of testing petroleum as prescribed in reference, 
schedule 1 of the Petroleum Act, 1871 (34 & 35 Vict., 
c. 105), is such as uniformly to ensure reliable and 
satisfactory results. 
" 2. If not, what alterations in the method of testing petroleum 
should be adopted to secure such results, due regard being 
had to the fact that the testing must, in many instances, 
be carried out by persons who have had comparatively 
little experience in conducting delicate experiments. 
" 3. Assuming it to be, in your opinion, desirable to obtain a 
' flashing-test ' for petroleum, whether the present ' flash- 
ing-point' of 100° F. (or its equivalent under any modified 
method of testing which you may propose) is, in your 
judgment, calculated to afford adequate protection to the 
public, without unduly interfering with or restricting the 
trade; if not, what alteration in this respect should be 

made." Results of 

inquiry. 

After a prolonged and exhaustive experimental inquiry, 
in which Dr. Kellner rendered valuable assistance, Sir 
Frederick Abel presented to the Secretary of State an 
elaborate report, dated August 12, 1876, wherein the 
questions enumerated were thus answered : 

" 1. The method of testing petroleum as prescribed in schedule 1 
of the Petroleum Act, 1871 (34 A 35 Vict., c. 105), is not 
of a nature ' uniformly to ensure reliable and satisfactory 
results/ 

"2. A method of testing petroleum has been elaborated for 
adoption in place of that prescribed by the Petroleum Act, 
1871, due regard having been had to the fact 'that the 
testing must, in many instances, be carried out by persons 
who have had comparatively little experience in conducting 
delicate experiments.' This method, while resembling in 
its general nature the one hitherto used, is free from the 
defects inherent in the latter, and is so arranged that it 
can be carried out, with the certainty of furnishing 
uniform and precise results, by persons possessing no 
special knowledge or skill in manipulation. With ordinary 
attention in the first instance to simple instructions, 
different operators cannot fail to obtain concordant results 
with it, and it is so nearly automatic in its nature that it 
is not, like the present method of testing, susceptible of 
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manipulation so as to furnish different results at the will 
of the operator. 

" 3. There are not, in my judgment, any well-established groi.nds 
for considering that the present flashing-point of 100° F. 
is not ' calculated to afford adequate protection to the 
public.' 

" 4. With the employment of the new test, a minimum flashing- 
point should therefore be adopted, which is equivalent, or 
as nearly as possible so, to the flashing-point of 100° F., as 
furnished by the present test." 

In the determination of the equivalent flash-point 
it was obviously necessary to deal with the conflicting 
views already referred to as to the proper mode of 
conducting the test with the open-cup instrument. 
One of the authors assisted Sir Frederick Abel in 
the conduct of this portion of the inquiry ; but before 
the test-standard was even provisionally fixed, Mr. 
T. W. Keates, as representing the Metropolitan Board 
of Works, and Mr. John Calderwood, on behalf of the 
Scottish Mineral Oil Association, were also consulted. 
Eventually, as the result of the joint experiments, 
it was ascertained that the difference between the 
flash-points obtained with the open-cup instrument 
and those furnished by the Abel apparatus usually 
ranged from 25° to 29° F. Adopting the mean differ- 
ence of 27°, the new standard was accordingly fixed at 
73° F. One of the authors then applied the two tests 
to 1000 samples of American kerosene, the first 968 
samples consisting of the ordinary oil of commerce, and 
the remaining 32 of " water-white " oil. The following 
were the results obtained : 

92 samples showed a difference between the two tests of 25°. 

208 „ „ n » j> >> 26 . 

"&0 •> 11 11 ii ii ii "i • 

*ol ,, 7i jj ii ii >> 2o . 

162 ., ,? ii ii a a ** . 
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On the other hand, the majority of the last 32 
samples gave smaller differences as follow : 

9 samples showed a difference between the two tests of 20°. 



1 sample 
9 samples 
1 sample 
4 samples 

8 „ 

32 



21°. 
22°. 
23°. 
24°. 
25°. 



These, however, all consisted, not of ordinary petro- 
leum oil, but of the special kind which is known in the 
trade under the name of " water- white " oil ; therefore 
the exceptional results afforded by them do not affect 
the question, and are of interest only as showing that 
samples may be selected or specially prepared having 
flash-points by the two systems more closely ap- 
proximating than those of the ordinary petroleum oil 
of commerce. This water-white oil, as is well under- 
stood, possesses the distinctive feature of low specific 
gravity in addition to that of high flash-point, being 
in fact produced at a considerably enhanced cost by 
rejecting, in the process of distilling the crude oil, an 
unusually large proportion of the heavier as well as of 
the lighter hydrocarbons, and doubtless this accounts 
for the smaller difference between the two tests. 

Before the new test was legalised, one of the authors introduction 
proceeded (in 1877) to New York for the purpose of ° es £ c 
submitting the instrument to the inspectors appointed 
by the New York Produce Exchange, and arranging 
for its use in testing kerosene intended for shipment to 
this country. 

The Abel test, as it is now commonly termed, was Legalisation 
legalised by the Petroleum Act, 1879. The construe- ° e f s f bel 
tion and use of the apparatus are fully described in 
Appendices II. and VII. By an oversight the length 
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of the lead-line or pendulum was omitted from the 
schedule of the Act. This should be 24 inches from the 
point of suspension to the centre of gravity of the 
weight. The following explanatory note on the use of 
the pendulum appeared in the Petroleum Bill, 1883 : 
"Note. — For example: The pendulum having been 
moved from the perpendicular to posi- 
tion a (Fig. 4), 

The first oscillation is from a to b. 
„ second ,, „ 6 to a. 
„ third „ „ a to b, 

„ fourth „ „ b to a. 

The opening of the slide commences 
the moment the pendulum leaves posi- 
tion a in the first oscillation, and is steadily continued 
while it performs the first, second and third oscillations ; 
so that the slide is fully open when, in the third 
oscillation, the pendulum has reached position b. The 
slide is kept open for an instant and then quickly shut, 
the moment of its being quite closed again being 
coincident with the return of the pendulum to position 
a at the end of the fourth oscillation." 

Those who have occasion to make a large number of 
tests will find it convenient to use a clock with a 
pendulum of the requisite length or a synchronised 
" metronome " such as is used in teaching music. 

In the use of the Abel test it should be recognised 
that at each application of the test-flame a sample, so 
to say, of the atmosphere of the upper part of the oil- 
cup is withdrawn by the action of the current of air 
produced. This current passes downwards through the 
two smaller openings in the cover of the cup and up- 
wards through the central orifice, under the influence 
of the heat of the test-flame, sweeping out a portion of 
the vapour which has been given off. It will, therefore, 
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often be found that an oil the flash-point of which 
is, say, 75° F. will flash on the first application of the 
test-flame if such application be made only two or three 
degrees below the true flash-point instead of at about 
66° F. As, however, the result thus obtained depends 
to a considerable extent upon the temperature of the 
cup itself and of the mercury in the bulb of the 
thermometer, it would be very difficult, if not practi- 
cally impossible, to obtain uniformity in tests made on 
this principle, and the fact that some portion of the 
vapour given off by the sample is eliminated before the 
flash-point is reached is of no consequence, as the test importance 
is otherwise an arbitrary one. With some oils of a of beginning 

a i • t-J i • • i • i tlie test at a 

flash-point barely 73° F. it is desirable, in order to sufficiently 
ensure obtaining a result which subsequent tests would low 

• ■ t t /• i n temperature. 

confirm, to begin the application of the test-flame two 
or three degrees below 66° F. (a safe rule being to 
commence 8 or even 10 degrees below the flash-point); 
but obviously if a given sample has a flash-point below 
73° F. when tested in the manner prescribed by law, the 
oil represented by this sample must be regarded as 
petroleum to which the Acts apply even though the 
flash-point may not be below 73° when the testing is 
commenced at a lower temperature than "about 
66° F." 

In 1881, Engler and Haas made a number of experi- Use of a 
ments with the Abel and other instruments, and came *£^™ the 
to the conclusion that the provision of a stirrer in the 
oil-cup was desirable. Victor Meyer had previously 
expressed the same opinion. In the Abel apparatus a 
stratum of vapour is formed upon the surface of the 
oil, and the temperature of the oil is not uniform 
throughout. It is, therefore, necessary that the 
dimensions of the air-space above the oil, the depth to 
which the test-flame is inserted, the size of the orifices 
in the cover, the position of the thermometer-bulb, and 
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other particulars should be defined with greater 
accuracy than would probably be necessary if a stirrer 
were added ; but experience has shown that the Abel 
instrument can be readily standardised, and any 
number of instruments can thus be constructed to give 
concordant results if used with a reasonable amount of 
care. The addition of a stirrer, both for the vapour 
and for the oil, is no doubt desirable when the Abel 
instrument in its original or modified form is applied to 
the testing of oils of high flash-point, such as lubricating 
oils, but Dr. Engler and Dr. Bunte have expressed to 
one of the authors their concurrence in his view that it 
is not requisite when the instrument is employed in 
testing kerosene. 
Suggestions If a number of tests are to be made with a single 
of thVlber instrument, it will be found desirable, especially in 
test. warm weather, to cool the oil-cup and thermometer- 

bulb after each test, by plunging them into cold water 
and afterwards wiping them dry. It is perhaps scarcely 
necessary to say that a confirmatory test, such as it is 
often desirable to make, must of course be carried out 
Necessary with a fresh portion of the oil. It may not be 
precautions, altogether superfluous to point out that the mercurial 
column in the oil-cup thermometer should be carefully 
examined from time to time in order to ascertain that 
it is unbroken. Cases have occurred in which, owing 
to the accidental detachment of a small portion of the 
mercury, a flash-point far below the true one has been 
recorded. The oil-cup may with advantage be placed 
for filling upon a sheet of plate-glass, resting upon a 
tripod levelling stand, previously adjusted with the aid 
of a spirit-level. This stand should be in a good light, 
as the accurate filling of the cup to the point of the 
gauge is important. The oil should be poured in 
without splashing, and any bubbles which may be 
formed should be dispersed with a pointed strip of paper. 

\ 

\ 
\ 
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As the testing should be conducted in a subdued 
light, the reading of the thermometer will be found to 
be greatly facilitated by placing behind the apparatus 
at the requisite height a burning night-light or candle 
so that the light illuminates the translucent ivory scale 
of the thermometer. To shut off the light which would 
otherwise pass to the eyes of the observer a piece of 
paper, three or four inches square, having two slits 
made in it should be slipped over the thermometer- 
stem, the portion overlying the ivory being sufficiently 
cut away. 

The observer should take care that when he reads 
the thermometer the line of vision is at a right angle 
with the scale. 

The Petroleum Act, 1879, gives no specific directions Testing 
applicable to the testing of india-rubber solution, and l °^J™ bber 
to meet this deficiency the first schedule of the' Inflam- 
mable Liquids Bill. 1891, contained the following 
addition to the instructions for the use of the test- 
apparatus : 

" If the flashing test has to be applied to sub- 
stances of a viscous or semi-solid nature which cannot 
be poured (such as solutions of india-rubber in mineral 
naphtha), the mode of proceeding is as follows : About 
a tablespoonful of the substance to be tested is placed 
in the cup, and the cover is put on. The air-chamber 
in the water-bath is filled with water to a depth of 
1^ inch, and the temperature of the water-bath is raised 
to 76° (for which purpose the scale of the thermometer 
to be used in the water- bath should range from 60° 
to 180°). 

" The cup is then put into the bath and the tempera- 
ture of the water-bath maintained at 76° throughout 
the test. After the lapse of fifteen minutes the test- 
flame is to be applied. If no flash occurs, the heating 
is continued for another fifteen minutes and the test- 
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flame again applied, and so on until a flash takes place 
or the temperature in the cup has reached 75° ; [if a 
flash occurs at or]* below 72° the substance under 
examination has an observed flashing-point of less than 
73°. The temperature at which a flash occurs is the 
observed flashing-point of the substance, and, subject 
to correction for atmospheric pressure as herein-before 
described, is the true flashing-point." 
Testing Although some paints containing petroleum, such 

pamt9 ' as anti-fouling and anti-corrosive compositions applied 
to ships' bottoms, are neither viscous nor semi-solid 
and can be poured, their flash-points cannot be satis- 
factorily determined in the manner prescribed for the 
testing of petroleum "owing to their being insufficiently 
fluid to admit of the formation of convection currents. 
In other words, the heat applied by means of the 
water-bath and air-jacket does not circulate freely 
through the contents of the oil-cup, with the result 
that the part of the liquid undergoing the test which 
is in contact with the walls of the cup acquires a much 
higher temperature than is indicated by the thermo- 
meter, and a flash-point may be thus recorded which 
is far below the true flash-point. For the efficient 
testing of such liquids a stirrer in the oil-cup is needed. 
Results After the Abel instrument had been in use for some 

a^ospheric ti me > *^ e discovery was made that the results which it 
pressure. furnished diifered materially according to the barometric 
pressure at the time of testing. This source of variation 
appears to have been first observed accidentally in 
Germany ; and as the result of a series of experiments 
made in an air-tight chamber in the Jewish Hospital 
in Berlin, it was ascertained that the difference in the 
flash-point amounted to about 0'30° C. for each 10 milli- 
metres difference in the height of the barometric column. 

* The words in square brackets have, apparently, been inadver- 
tently omitted. 
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A table of corrections was accordingly prepared in 
Germany for use with the Abel Pensky tester. This 
table is given on p. 100. 

To obtain further evidence as to the effect of altera- Expen- 
tion in barometric pressure on the flash-point, a different 
series of experiments was conducted by one of the altitudes, 
authors in association with Sir Frederick Abel at 
different altitudes in Switzerland, and results exhibiting 
a difference of about 2° F. in the flash-point for 1 inch 
difference in barometric pressure were obtained. 

The experiments were, however, not carried out Results 
with a view of determining the exact extent of varia- ° ame ' 
tion, the number of tests made being insufficient to 
form the basis of a table of corrections. The results 
actually obtained are given in the following table : 
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It was also found that the effect of a tropical climate Effect of a 
upon the liberation of vapour from the oil resulted in *^^J 
the flash-point being considerably lowered; a,nd as 
the Indian Government, in adopting the Abel test, 
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had copied the directions verbatim from the English 
Act, the result was that several cargoes of oil, which 
were certified as of proper flash-point at the time 
of shipment, were refused admittance at the port of 
Calcutta. 

In order to investigate the matter one of the authors 
proceeded to India, and from a series of experiments, 
made there and afterwards in England in conjunction 
with Sir Frederick Abel and with the assistance of 
Dr. Kellner, it was demonstrated that a much lower 
flash-point than that furnished in a temperate 
climate was liable to be obtained when the Abel test 
was employed in a tropical climate in the manner 
prescribed in the English Act. Further experiments 
made by Dr. Warden, analyst to the Government of 
Bengal, Professor Pedler, of Calcutta, Dr. Lyon, Sir 
Frederick Abel, Dr. Kellner, and one of the authors 
showed that the depression in the flash-point was 
largely due to disengagement of vapour in the act of 
filling the oil-cup. Although prolonged cooling of the 
oil minimised the liability to such disengagement of 
vapour, it was found that the only practical means of 
eliminating this source of error was to get rid of the 
vapour before commencing the test or before tlie 
flash-point was reached. 

The vapour was readily removed by gently blowing 
over the surface of the oil before placing the cover on 
the cup, or by the use of an aspirator attached to the 
cover, or by leaving the test-slide withdrawn for some 
time ; but the method finally adopted consisted in 
commencing the test many degrees below the flash- 
point, so that the vapour is withdrawn by the current 
of air created by the test-flame in successive quantities 
too small to cause a flash before active volatilisation of 
the oil begins. Thus modified, the test gives results at 
a tropical temperature which agree very closely with 
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those which it furnishes in a temperate climate. The 
slight loss of volatile constituents which occurs when 
the test is so performed is of no practical importance, 
since such loss takes place even by exposure to the 
air in hot climates. (See a joint communication from 
Sir F. Abel and one of the authors in the Chemical 
News, May 2, 1884.) 

In October 1887 Sir Frederick Abel drew up direc- Directions 
tions for the use of the Abel instrument in tropical AbeTtest in 
climates. These directions will be found in Appendix III. tropical 

Since the Abel test was legalised in India, it has Testing 
been found necessary to determine the flash-point Burma 
of Burma crude petroleum, which is solid at common pe troieum. 
temperatures. In testing this oil in the Abel instru- 
ment, rapid evolution of vapour commences while the 
bulk of the oil in the cup remains solid, and the 
thermometer therefore does not indicate the tempera- 
ture of the oil in contact with the walls of the cup 
from which vapour is being evolved. To meet this 
difficulty, one of the authors suggested the addition of 
a delicate thermometer, which is fixed in the cover of 
the oil-cup in a vertical position, so that the small 
cylindrical bulb is just immersed in the oil, and is dis- 
tant only a tenth of an inch from the side of the cup. 

In 1880 the subject of petroleum-testing was inves- investiga- 
tigated in Germany on behalf of the Government, and p°£ °i eum . 
the Abel instrument was selected as the best, but, as testing in 
exception was taken to the personal error liable to be ermany * 
introduced by the method of applying the test-flame, 
the modification devised by Pensky, of Berlin, was Abei- 
adopted. The improvement consists in effecting the adopted tCSt 
movement of the slide and application of the test-flame 
by a clockwork arrangement, which ensures uniformity.* 

*'This instrument is here very fully described, as advantage will 
probably be taken of the first opportunity to legalise its use in this 
country. 
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Description A section of the instrument — which in all other respects 

instrument. * 8 practically identical with the ordinary Abel apparatus 

— and the details of the clockwork mechanism, are 

shown in Figs. 5 and 6, which also give the dimensions 

in millimetres. 




Fig. 6. 

The slide S pivoted on the centre z is set in motion 
by the arm d moving on a central axis. This arm 
carries on its under side two pins e v e 2 . When the 
slide is in its normal position — i.e., closing the openings 
°v °2> °s — ° ne °f *ke pi ns e i rests against the steel 
plate / on the right-hand side of the slide, and the 
other e 2 is held by the catch g. On the axis of the 
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arm d is fastened the spring-case u containing a spiral 
spring. 

To wind up the clockwork, the knob b is turned half 
round, further winding being prevented by a stop. To 




Fig. 6. 

move the slide, the trigger k is pushed towards the 
spring h, the catch g being thus drawn back and the 
pin e 2 released. The spiral spring unwinds and presses 
the other pin e x against the slide S, moving this slide 
aside to the left and uncovering the apertures. As 
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soon as the pin e x is carried by the revolution of the 
arm d past the steel plate/, the slide is forced back to 
its former position by the spring r, and the pin e x is 
stopped by the catch g, which returns it to its original 
place as the trigger k is released. These movements 
are repeated every time the test is applied. The un- 
coiling of the spiral spring and movement of the slide 
are regulated by the escapement m n p. The three 
holes in the lid of the oil-cup and the two holes in the 
slide (the lateral movement of the slide uncovering and 
covering the third hole in the lid) are of the same 
area as those in the Abel instrument, but not quite 
the same shape, on account of the circular motion of 
the slide. The lamp is tipped by a nose-piece n, and 
on its return to the perpendicular is prevented from 
swinging backwards by a stop v. 

The Abel-Pensky apparatus, as used in Germany, 
furnishes results about 3° F. higher than those given 
by the Abel instrument, but the clockwork modification 
employed in India is standardised to afford flash- 
points corresponding with those obtained with the 
original Abel instrument. 
Directions The following is the method of appl) ing the Abel- 
Pensky test prescribed in Germany : — 

The testing should be carried out in an apartment of 
medium temperature and free from draughts. The 
petroleum samples should be in closed vessels, and 
have been long enough in the room to have acquired 
the same temperature, otherwise the tests will not be 
satisfactory. 

The height of the barometer must be observed 
before commencing operations, and the temperature 
at which the test is to be first applied varies with 
the pressure indicated, according to the following 
table :— 



for use. 
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Height of Barometer. 






First Test applied at 


085 to 095 millimetres + 14 J C. 


095 to 7o:> 






+ 14° 


705 to 7 1 •"> ,, 






+ 14-5 J 


715 to 725 ., 






+ 15° 


725 to 7#5 „ 






+ 15 fr 


735 to 745 „ 






+ 10 


745 to 755 „ 






+ 10-5 


755 to 705 „ 






+ 17 


705 to 775 ,, 






+ 17" 


775 to 7S5 ., 






+ 17 5 



If the barometer varies from the normal pressure ot 
760 mm. by more than 2£ mm. either way, the actual 
flash-point observed is corrected in accordance with the 
table on p. 100. The table being arranged for intervals 
of 5 mm., intermediate pressures are counted as or 5, 
according to the figure which they most nearly approach 
— viz., 742 counts as 740, 743 as 745, and so on. The 
instrument must be set level on the testing-table, with 
the aid of a spirit-level or plumb-line, before it is filled, 
and it should be at such a height that the red mark on 
the water-bath thermometer is on a level with the eye 
of the operator. The bath is next filled with water at 
+ 50° to 52° C. until a portion runs out through the 
overflow pipe, to which an indiarubber tube should be 
attached to convey the surplus water away without 
splashing the apparatus or table. If cold water is used 
for filling the bath, it must be warmed by the heating 
lamp before putting in the oil-cup, care being taken 
that the base ring does not get overheated. The test 
lamp is prepared for use by being packed with loose 
cotton wool, which is then saturated with petroleum, 
any surplus being poured out. If this is not attended 
to, the tipping of the lamp at the moment of applying 
the test might cause drops of oil to fall on to the lio. of 
the tester and vitiate the results. The wick must also 
be cleansed from any adherent incrustation or char. 

o 
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The oil-cup, with its cover and thermometer, are to be 
thoroughly clean and dry, and all traces of oil from 
preceding tests are to be removed by drying and ab- 
sorption. Finally, the petroleum to be tested, if not at 
least 2° C. cooler than the lowest of the temperatures 
recorded in the foregoing table, must be cooled down to 
that point, together with the oil-cup, the latter being 
dipped into cold water. To obtain very exact results, 
it is advisable to use water cooled to + 11° C. for this 
purpose, and to keep the oil-cup in it long enough for 
proper cooling. Before inserting the oil-cup, the water- 
bath is heated up to 54° to 55° C, the temperature 
indicated by the red mark on the thermometer scale. 
Meanwhile, the oil is poured into the oil-cup by means 
of the pipette, until the extreme point of the indicator 
just projects above the surface of the liquid. It is im- 
portant that this limit should not be exceeded, but if 
this should happen, the cup must be emptied, dried 
carefully, and refilled. Any bubbles forming on the 
surface of the oil must be dissipated by pricking with 
the warm charred point of a burnt-out match. The 
table on which the cup stands during the operation of 
filling should be perfectly horizontal and quite near to 
the water-bath, to minimise the risk of tilting or 
shaking the cup. The oil is poured into the centre of the 
cup and not against the sides, and to prevent bubbles 
the nozzle of the pipette should be kept below the 
surface of the liquid. The lid of the cup is put on 
directly after pouring in the oil, the thermometer 
being previously inserted in its socket and pressed 
down tightly, avoiding contact between the ebonite 
plate under the clockwork and the knobs K on the 
bath, as this would prevent the lid from fitting 
properly. The insertion of the oil-cup into the bath 
must be done without tilting or .shaking, and to 
avoid the risk of this the cup, previously cooled by ice 
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and water to 8° C. (to prevent the oil getting warm 
while filling), may be put into position before filling. 
Should the water bath be at a higher temperature than 
54° to 55° C, it must be cooled by the addition of cold 
water, and when that degree is reached the lamp is 
extinguished. 

When the oil approaches the temperature at which 
the first test is to be applied, in accordance with the 
foregoing table, the test lamp is lighted and the flame 
adjusted until, when viewed from the front, it is of the 
same width as the white bead on the lid. This is im- 
portant, as the size of the flame has an influence on the 
flashing temperature. The clockwork is then wound 
up by turning the milled head as far as it will go in the 
direction indicated by the arrow. On releasing the 
catch by pressing on the trigger, the slide slowly and 
regularly moves aside, and at the end of two seconds 
has returned to its original position. During the 
movement of the slide the behaviour of the test-flame 
as it approaches the surface of the oil must be carefully 
observed, particular attention being directed to shelter- 
ing the apparatus from all draughts and from the breath 
of the operator. This is facilitated by the provision of 
a glass plate fixed to the draw-out side of the case con- 
taining the apparatus. The test is to be repeated at 
every £° rise of the thermometer until a flash is ob- 
tained. Before the absolute flash-point is reached 
the size of the test-flame will be observed to increase 
by a kind of halo when dipped towards the oil, but the 
true flash is a bluish, lightning-like flame extending 
over the whole free surface of the oil. The temperature 
indicated by the thermometer is subject to correction, 
both as regards barometric pressure and error, if any, 
of the thermometer itself, according to the variation 
ascertained on standardising the instrument. The test 
is repeated with a fresh portion of the same oil, after 
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cooling the oil-cup and lid, drying and freeing them, as 
well as the thermometer, from all adherent drops of oil, 
and reheating the bath to 55° C. 
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If the result of the second test agrees with the first 
within £°, the average is taken as the apparent flash- 
point. If, however, the difference is 1° or more, a third 
test is necessary ; and, provided the results of the three 
do not differ more than l£°, the average is taken. In 
case of a greater divergence a fresh set of tests must 
be made. In the case of oils flashing at the first 
application of the test-flame, the actual flash-point 
may be higher than is indicated by the thermometer, 
the accumulation of vapour in the oil-cup causing 
the flash to occur sooner than it would in ordinary 
circumstances. If it is desired to accurately test such 
oils, the operation is begun at a lower temperature 
than usual, and repeated at lower degrees until no 
flash is produced on first opening the slide. 

The apparent flash-points must be corrected for 
pressure, according to the table on p. 100, by finding 
the observed flash-point in the column headed by 
the existing height of the barometer, and proceeding 
in the same row to the column headed 760, which 
will show the actual flash-point at normal pressure. 
Fractions between the figures given in the table are 
to be counted as the figure to which they most nearly 
approach. Any error recorded by the standardiser of 
the apparatus must be corrected before applying the 
correction in the table. 

By an order of the Imperial Chancellor, dated July 21, standardis- 
1882, the Kaiserliche Normal- Aichungs-Kommission ! ng the 

° instruments. 

was empowered to standardise and stamp instruments 
for testing petroleum, particular attention being devoted 
to the following points : 

(a) The dimensions of the apparatus. 

(fe) The accurate timing of the slide movement. 

(c) The accuracy of the thermometer. 

(d) The correctness of the flash-points indicated by 
the apparatus. 
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(e) The accuracy of the metallic barometer supplied 
with the instrument. 

The examination of the thermometers should not take 
place until they have been delivered. 

In verifying the dimensions of the apparatus, the 
following variations from the exact standard are 
allowed in : 

Millimetres. 
The thickness of the metal plates . . 02 

The diameter of the lamp spout . 0'2 

The distance of the point of the filling indicator from 

the upper edge of the cup . . . . 0*5 

The distance from the lower corner of the inside of 
the lamp spout to the upper face of the cup-lid 
when the lamp is fully tipped . . 0*5 

The thickness of the ebonite ring . . . 0'5 

The inside diameter and height of the oil-cup; the 
width of the brass ring; its distance from the 
upper edge of the cup ; the distance of the axis 
of the slide from the centre of the cup-lid and 
the centre of the three apertures; the diameter 
of the bead ; and the dimensions of the tube for 
the insertion of the thermometer ^ . 1*0 

The distance of the centre of the bulb of the thermo- 
meter f x from the end of the sheathing-tube and 
from the underside of the cup-lid . . . 1*0 

The dimensions of the water-bath, and of the outer 
cylinder; the width of the ebonite ring on the 
bath ; and the distance of the lowest mark on the 
scale of either thermometer from the enlargement 
on the tube 20 

The variation of time allowed for the slide movement 
is 0'2 second over or under the prescribed standard. 
The thermometer t x may not vary from the normal 
instrument more than 0'2° C. when tested in four 
places on the scale, and the thermometer t 2 not more 
than 0*5° C. when tested in two places. Furthermore, 
successive portions of the same sample of oil consecu- 
tively examined should not show a greater divergence 
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of flash-point than 0*75° C, and the average of five 
or seven such tests should not differ from the average 
of the same recorded by the standard by more than 
0*5° C, an oil approximating to the standard flash- 
point being used for the experiment. The metallic 
barometer belonging to the apparatus should not differ 
more than 2 millimetres from the standard at the 
ordinary room temperature. It must be examined 
with a view to ascertaining the influence of sudden 
alterations of pressure or continued shaking of the 
instrument on its accuracy between the limits of 
680 and 790 mm. The instruments which satisfy 
the tests imposed are stamped by the Normal- Aichungs- 
Kommission on all the removable portions, and the 
amount of variation or error of flash-point to be 
allowed for is indicated. The makers name, the number 
of the instrument, and the year of examination are 
included in the stamping, and all the particulars are 
inscribed on a certificate issued by the standardiser 
together with the following measurements : 

(a) Distance of the point of the filling indicator 
from the upper edge of the oil-cup. 

(b) Distance of the lowest inside point of the lamp 
spout from the under surface of the cup-lid when the 
lamp is fully tilted. 

(c) Distance of the central point of the oil-thermo- 
meter bulb from the under surface of the cup-lid. 

To guard against any alteration of these points 
subsequent to standardising, the Aichungs-Kommission 
send out with each apparatus examined a stamped 
gauge, consisting of a rectangular steel plate on one 
side of which is a projection for controlling the measure- 
ment a; on another a second projection bounded by 
two flu tings to measure b y and furnished with a pro- 
jecting stud on one of its flat surfaces for gauging c. 
To examine a, the gauge is applied to the edge of the 
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Tagliabue's 
11 pyro- 
meter." 



<>il-cup, so that the projection hangs down inside and 
the mark on it is touched by the point of the filling 
mark. For the second verification, 6, the clockwork is 
set in motion, and the apertures in the lid are wedged 
open so that the mouth of the lamp is at its lowest 
point. The gauge is then applied under the lid, and 
the lower inside corner of the spout should coincide 
with the end of the smaller projection. For examining 
c, the side of the gauge opposite to the smaller projection 
used for b is applied to the under side of the lid, when 
the stud should exactly touch the middle of the bulb 





Fig. 7. 



Fig. 8. 



of the thermometer. The length of the lamp spout 
can also be verified, a mark cut at right angles to the 
plain side of the gauge showing the exact size. The 
edge of the spout-mouth should coincide with the 
mark ; and should either the top or bottom corner fail 
to do so, the apparatus is out of adjustment. 

As early as 1862, Tagliabue patented in America a 
" coal-oil pyrometer," for use either as a closed cup to 
determine the flash-point, or as an open cup for ascer- 
taining the igniting point of the oil. The apparatus 
is shown in Figs. 7 and 8, the upper portion of Fig. 8 
showing the cover of the instrument illustrated in 
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Fig. 7, while the larger illustration in Fig. 8 shows a 
simpler form of the apparatus. The cylindrical water- 
bath is supported by a metal stand having an aperture 
near the bottom for the introduction of a small spirit 
lamp. The vapour disengaged from the oil by the 
application of heat mixes with atmospheric air admitted 
through perforations in the Hd, and an inflammable mix- 
ture is thus formed, which ascends into the dome. The 
flash-point of the oil is ascertained by the insertion of 
a lighted taper or match into an opening in the dome, 
at intervals, until a slight explosion occurs. To deter- 
mine the igniting point of the oil, the cup is opened by 
partially revolving the cover, and the test-flame is held 
for one or two seconds in contact with the escaping 
vapour. 

Directions for Use. — Remove the cover a of the 
instrument by turning it until the vertical slots come 
into position to allow of its being taken off', take out 
the oil-cup, fill the outer vessel with water to a distance 
of within 2 inches from the top, replace the oil-cup and 
fill it with the oil to be tested to within f inch from 
the top, replace and secure the cover in position, supply 
the lamp with alcohol and trim the wick to give a 
small flame, light it and place it under the water-bath. 
The mercury in the thermometer will soon begin to 
rise ; watch this carefully until it approaches to within 
about 20° F. of the temperature at which the oil is ex- 
pected to flash, remove the lamp, press down the brass 
knob r, # which will open the valves and allow air to 
enter into the instrument and vapour to rise in the 
dome C. Into the aperture of this insert a very small 
lighted taper, and if the vapourising point has been 

* This knob is connected \rith a bar e, the ends of which 
normally cover apertures / in a pivoted plate b. The plate may 
be moved by means of a handle g when it is desired to open the 
cup. The bar e is supported by a spring. 
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reached, a slight "puff" will occur; if this should not 
take place, replace the lamp and allow the mercury 
in the thermometer to ascend very slowly, 2° or 3° F. per 
minute ; remove the lamp and perform the same opera- 
tion with the lighted taper until the slight "puff" is 
produced ; proceed very slowly with this operation, and 
when the "puff" occurs take a simultaneous reading 
of the thermometer ; this indicates the flash-point. 
To ascertain the burning-point of the oil, replace the 
lighted lamp and allow the thermometer to rise about 
8° F. ; now remove the lamp, swing back the cover by 
means of the handle g, and pass the lighted taper 
quickly across the oil without inclining the taper down- 
wards ; if the burning-point has been attained, the oil 
will ignite ; if not, cover the oil and replace the lamp, 
watching the thermometer carefully, and not allowing 
the mercury to rise more than 3° or 5° F. between the 
tests. When the oil takes fire, read the thermometer, 
and this will give the igniting-point. It is advisable 
in all cases to make more than one test of the oil ; in 
each new test the water and oil should be changed, 
and the instrument allowed to cool. Having learned 
the vapourising point in the first operation, in the 
succeeding ones the instrument can be more carefully 
watched, and probably the flash-point recorded will 
be lower than in the first operation. When " high 
grade" oils are being tested, sand is placed in the 
outer vessel instead of water. One of the authors has 
not found it possible to obtain concordant results with 
this instrument. In some cases the results closely 
agree with those furnished by the Abel apparatus, but 
in most instances they appear to be from 6° to 8° F. 
higher, and occasionally 10° or 12° higher. This ap- 
paratus was formerly used in Germany. The simpler 
form of the instrument shown in Fig. 8 consists of a 
water- bath A, an oil-cup B y the hood C, with an 
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opening a, into which the test-flame is inserted ; the 
body JE, the thermometer D, the lamp F, and the 
pivoted cover b over the air-inlet. 

The instrument officially employed in the State of Wisconsin 
Wisconsin has a copper oil-cup with a copper cover in tC8ter - 
which there is a small opening for the insertion of the 
test-flame. In 1882 the State Board of Health of 
New York adopted a form of the tester last described, 
embodying improvements suggested by Professor Arthur Elliott 
H. Elliott, the chief of which was the substitution of a testcr - 
glass for a metal cover. The following is the official 
description of the apparatus and of the mode of apply- 
ing the test : 

The instrument consists of a sheet-copper stand Description. 
8^ inches high, exclusive of the base, and 4^ inches in 
diameter. On one side is an aperture, 3^ inches high, 
for introducing a small spirit lamp about 3 inches in 
height, or better, a small gas-burner in place of the 
lamp when a supply of gas is at hand. The water- 
bath is also of copper, and is 4£ inches in height and 
4 inches inside diameter. The opening in the top is 
2|- inches in diameter. It is also provided with a 
£-inch flange which supports the bath in the cylindrical 
stand. The capacity of the bath is about 20 fluid 
ounces, this quantity being indicated by a mark on the 
inside. The lower portion of the copper oil holder is 
3f inches high and 2f inches inside diameter. The 
upper part is 1 inch high and 3f inches diameter, and 
serves as a vapour-chamber. The upper rim is pro- 
vided with a small flange which serves to hold the glass 
cover in place. The oil holder contains about 10 fluid 
ounces when filled to within ^ of an inch of the flange 
which joins the oil-cup and the vapour-chamber. In order 
to prevent reflection from the otherwise bright surface 
of the ^etal, the oil-cup is blackened on the inside 
by forming sulphide of copper by means of sulphide 
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of ammonium. The cover is of glass, and is 3f inches 
in diameter. On one side is a circular opening closed 
by a cork through which the thermometer passes. In 
front of this is a second opening £ of an inch deep and 
the same in width on the rim, through which the 
flashing-jet is passed in testing. The substitution of a 
glass for a metal cover more readily enables the operator 
to note the exact point at which the flash occurs. A 
small gas jet, £ inch in length, furnishes the best means 
for igniting the vapour. Where gas cannot be had, 
the flame from a small waxed twine answers very well. 
The test shall be applied according to the following 
directions : 
Directions Remove the oil-cup and fill the water-bath with 
cold water up to the mark on the inside. Replace the 
oil-cup and pour in enough oil to fill it to within £ of 
an inch of the flange joining the cup and the vapour- 
chamber above. Care must be taken that the oil does 
not flow over the flange. Remove all air bubbles with 
a piece of dry paper. Place the glass cover on the oil- 
cup, and so adjust the thermometer that its bulb shall 
be just covered by the oil. If an alcohol lamp is 
employed for heating the water-bath, the wick should 
be carefully trimmed and adjusted to a small flame. 
A small Bunsen burner may be used in place of the 
lamp. The rate of heating should be about 2° F. per 
minute, and should in no case exceed 3°. As a flash 
torch, a small gas jet £ inch in length should be 
employed. When gas is not at hand employ a piece 
of waxed linen twine. The flame in this case, how- 
ever, should be small. When the temperature of the 
oil has reached 85° R, the testing should commence. 
To this end, insert the torch into the opening in the 
cover, passing it in at such an angle as to well clear 
the cover, and to a distance about half-way between 
the oil and the cover. The motion should be steady 
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and uniform, rapid and without any pause. This 
should be repeated at every 2° F. rise of the thermometer 
until the temperature has reached 95° F., when the 
lamp should be removed and the test should be made 
at each degree of temperature until 100° F. is reached. 
After this the lamp may be replaced if necessary, and 
the test applied at each 2° F. The appearance of 
a slight bluish flame shows that the flash-point has 
been reached. In every case note the temperature of 
the oil before introducing the torch. The flame of the 
torch must not come in contact with the oil. The 
water-bath should be filled with cold water for each 
separate test, and the oil from a previous test carefully 
wiped from the oil-cup. The instrument to be used in 
ascertaining the igniting-point of oils shall consist of 
the cylinder, the copper oil-cup, together with a copper 
collar for suspending the cup in the cylinder, and an 
adjustable support for holding the thermometer. The 
test for ascertaining the igniting point shall be con- 
ducted as follows : Fill the cup with the oil to be 
tested to within f of an inch of the flange joining the 
cup and the vapour-chamber above. Care must be 
taken that the oil does not flow over the flange. 
Place the cup in the cylinder and adjust the thermo- 
meter so that its bulb shall be just covered by the oil. 
Place the lamp or gas-burner under the oil-cup. The 
rate of heating should not exceed 10° F. a minute below 
250° F., nor exceed 5° a minute above this point. The 
testing-flame described in the directions for ascertain- 
ing the flash-point should be used. It should be 
applied to the surface of the oil at every 5° rise in the 
thermometer till the oil ignites. 

An inconveniently large quantity of oil is required Objection to 
for this test, and the results obtained, while not the tcst * 
differing greatly from those furnished by the Abel 
instrument, are less concordant. 
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The first " automatic " tester introduced was that of 
Granier, which has been officially employed in France, 
and is thus described : The apparatus consists of a 
small copper cup divided into two concentric parts, the 
walls of the inner division being conical. In the aper- 
ture at the apex of the cone is inserted a tubular wick 
on a small mandrel which stands in a depression formed 
in the bottom of the cup, so as to be perfectly upright. 
There is a small tube in the outer division to serve as 
a gauge for the quantity of oil, and as an overflow pipe 
to carry away any slight excess. Heat is applied to 
the oil, not by a lamp below, but by means of a bent 
copper wire fixed in the aperture of the lid, so as to 
receive heat from the test-flame and convey it to the 
oil, into which its two ends dip. The cover has a cir- 
cular opening over the test-flame, with a small lid also 
pierced by a central aperture. 

The method of applying the test is as follows : The 
apparatus must be clean, and the wick must be renewed 
if carbonised to a depth exceeding 1 mm. The wick, 
fixed upon its metallic mandrel, is placed in the metallic 
cone in the cup, so as to rest evenly on the bottom of 
the cup. The oil to be tested, the temperature of 
which should not exceed 25° C, is poured into the cup 
in such a manner that it runs into the wick, the cup 
being filled to the top of the connecting tube. * The 
cover is then placed on the cup, the small lid in the 
centre of the cover closed, and the thermometer placed 
in its socket. To ascertain the degree of inflamma- 
bility, a lighted match is held near the small orifice in 
the centre of the small lid, and kept there for several 
seconds, and the temperature at which a petroleum 
vapour flame appears and remains above the orifice is 
carefully noted. If a persistent vapour flame is not 
obtained, the wick should be lighted at several points, 
so as to produce combustion all round the edge, and 
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the small lid closed. The rise in temperature is to 
be carefully observed, the degree at which a slight 
explosion occurs and extinguishes the flame being the 
degree of inflammability. Should this be either 32°, 
33°, or 34° C, the operation is to be twice repeated 
with fresh portions of the sample, and the average of 
the three taken as the correct result. Liquids passing 
the test of 35° C. are considered as of the second class, 
and those failing to do so are held to belong to the first 
class, of inflammable liquids. 

One of the authors has made a considerable number Unsatisfac- 
of tests with the Granier apparatus, but has found the ^Tracter of 
action so unsatisfactory that he is unable to state how the test, 
the results compare with those given by the Abel 
instrument. 

In Parrish's naphthometer, an "automatic" tester Parrish's 
which has been largely used in Holland, the cover of ^j^** " 
the oil-cup is provided with a wick holder, fixed cen- 
trally in a short tube of greater diameter, and carrying 
a lamp wick which passes down into the oil. The oil 
thermometer is inserted in a tube which is attached to 
the cover of the cup. This tube communicates (l) with 
the external air through orifices in the cup at the upper 
end, (2) with the air in the upper part of the oil-cup 
through a lateral aperture, and (3) with the oil in the 
cup through openings in the bottom of the tube. A 
screen prevents the heat of the test-flame from affecting 
the thermometer. The oil-cup fits in a water-bath 
which is placed in an outer casing containing the spirit 
lamp for heating the apparatus. In applying the test, 
cold water is poured into the water-bath, and the oil- 
cup is filled to within 1 centimetre from the top. The 
flame of the spirit lamp is regulated to a length of 1 to 
l£ centimetre, and the testing-flame should not exceed 
6 or 7 millimetres in length. The heat from the latter 
causes a current of air to pass down the tube containing 
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Fi£. 9. 



the thermometer, over the surface of the oil, where it 
mingles with the oil vapour, and to issue near the test 
flame, ignition occurring when the flash-point of the 
oil is reached. 

The Foster automatic tester (Fig. 9), employed in 
Ohio, is similar in principle to Par- 
rish's tester. In the figure the oil- 
cup is shown at A, the water- bath 
at if, the body of the apparatus, 
forming an air jacket, at C, and the 
flash -jet at D. 

The instrument consists of a copper 
lamp-furnace containing a water- bath 
and oil- cup, the latter surmounted 
by a closed vapour- chamber, which 
is pierced at two points symmetri- 
^ cally placed for the reception of a 
thermometer and a flashing-lamp or 
taper. The Apparatus is elliptical in shape, the thermo- 
meter being placed in one focus of the ellipse, and the 
flashing-taper in the other. The flashing-taper consists 
of a small cylindrical wick-holder, which is supported 
by radial arms attached to a ring, and rests upon a 
similar ring at the bottom of an open, shallow basin, 
the spaces between the radial arms giving egress to the 
oil vapour, while the wick itself extends down into the 
body of the oil within the cup. An inverted conical 
thimble, resting upon the rim of the basin, prevents the 
dissipation of the vapour. The thermometer is mounted 
in a copper tube cut away in front to expose the scale, the 
bulb of the thermometer, when in position, being within 
the body of the oil at a definite distance below the 
surface. A space round the tube of the thermometer, of 
definite diameter and distance above the surface of the 
oil, allows of the passage of a downward current of 
atmospheric air when the flashing-taper is alight. An 
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index is placed within the water-bath and within the 
oil-cup for maintaining uniformity in the filling of each. 
The heating lamp of the lamp-furnace has its wick ad- 
justable to regulate the rate of heating. 

Directions for Use. — (1) Remove the thermometer, 
with its mounting, from the oil. 

(2) Lift off the oil-cup containing the flashing-taper, 
and half fill the open water-bath with water. 

(3) Now take out the wick-holder from the oil-cup, 
and fill this vessel with the oil to be tested, pouring in 
the oil at the place of the wick-holder, and noting the 
gauge-mark at the thermometer hole ; pour in the oil 
very gradually as the surface approaches the gauge- 
mark. The gauge- mark consists of a small pendant 
shelf, and the oil-cup is properly filled when the upper 
surface of the oil just adheres to the lower surface of 
the gauge -mark. Too much care cannot be taken at 
this point; therefore, having ceased pouring, tip the 
cup so that the oil flows away from the gauge, and 
then gradually restoring it to the horizontal, see that 
the surface again adheres, and add a little more oil if 
it does not. 

(4) See that the wick of the flashing-taper be 
adjusted to give a very small flame — a flame that does 
not exceed one quarter of an inch in height. A flame 
that exhibits as much blue at its base as yellow at its 
top is right. 

(5) Now replace the oil-cup in the water-bath ; 
return the flashing-taper to its place, inverting the 
conical thimble round it, and return the thermometer 
to its place upon the cup ; in doing this be sure that 
the casing of the latter is pushed down upon the cup 
as far as it will go. 

(6) Half fill the lamp beneath with alcohol, light it 
and put it in its place beneath the water-bath. Now 
note the rate of increase in temperature as shown by 
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results to 
those of 
Abel tester. 



Salleron- 

Urbain 

tester. 



the thermometer, and adjust the wick to raise the 
temperature at the rate of 2° F. per minute. When the 
temperature has reached 100° F., light the flashing-taper 
and observe it closely. As soon as the oil under test 
has reached its "flashing point" the flame of this 
taper will be extinguished by the "flash," and the 

temperature is to be 
noted at the instant the 
flame of the taper is ex- 
tinguished. 

Although the Foster 
tester belongs to the 
closed vessel class, one of 
the authors finds that it 
gives results from 14° to 
20° F. higher than those 
furnished by the Abel 
instrument, the extent 
of the difference depend- 
ing upon the character of 
the oil. 

In the Salleron-Urbain 
tester, which has been 
used in France in the 
examination of petroleum, the flash-point is deduced 
from the pressure exerted by the vapour evolved at 
a given temperature. It consists, as shown in Fig. 10, 
of a copper or brass vessel A, from the bottom of which 
rises a conical pillar D. The vessel is hermetically 
closed by a cover d, which carries a guide block C, 
fitting and pivoted on the pillar D, and containing 
a cylindrical chamber B, closed above by a screw 
stopper and indiarubber ring p, and communicating 
below with A by a hole in the lid. A graduated tube 
of glass m, 35 cm. long, and divided into millimetres ; 
a thermometer, and a regulator, consisting of a stuffing- 




Fig. 10. 
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box I, containing a piston raised or lowered by a screw r, 
to adjust the pressure of water in the tube ra, are all 
fastened hermetically to the lid. 

Directions for Use. — To test an oil, water is poured 
into the vessel A and the lid with its appendages is 
fastened down, the block C being so turned that the 
cylinder B is not in communication with A. The oil 
being placed in B and the stopper screwed down, the 
whole apparatus is placed in warm water until the 
thermometer indicates the required temperature. The 
height of the column of water in ra is reduced to on 
the scale by turning the regulator screw r, and the 
block C is turned round so as to allow the oil to flow 
from B into A. The heat in the vessel A vapourises a 
portion of the oil, and the pressure generated is recorded 
by the rise of water in the graduated tube. The in- 
ventors prepared the table on p. 116, showing the 
pressure produced by heating a " normal petroleum " 
free from all constituents of less than 735, or more 
than '820 specific gravity. 

Salleron and Urbain give also the following as the 
determined vapour pressures (vapour tensions) of petro- 
leum products of various densities : 



Density at 


Tension in mm. 


Density at 


Tension in mir. 


15° C. 


of water at 15° C. 


15° C. 


of water at 15° C 


•812 





•756 


125 


•797 


5 


•785 


410 


•788 


15 


•695 


930 


•772 


40 


•680 


1,185 


•762 


85 


•650 


2,110 



As regards this test, Eugler and Haas state that the Defective 
method rests entirely upon the belief that the vapour naturc of 
pressures vary directly with the flash-points of different 
varieties of petroleum, ^hich is not in all cases correct, 
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a9 the presence of a small quantity of highly volatile 
hydrocarbon, presumably too small in quantity to 
sensibly affect the flash-point, increases the pressure 
in the apparatus. The conclusion is, however, expressed 
that oils whose vapour pressure at 15° C. is not greater 



Temperature. 


Pressure 

expressed in 

millimetres of 

water in the 

measuring tube. 


Temperature. 


Pressure 
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millimetres of 

water in the 

measuring tube. 


°C. 


1 


°C. 
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90 


o 
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47 
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100 


8 
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105 
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51 


27 


110 


10 


53 


28 


110 


11 


55 


29 


122 


1 12 


57 


30 


129 


13 


59 


31 


130 


14 


(51 -5 


32 


144 


15 


64 


33 


155 


10 


07 


34 


, 103 


17 


70 


35 


174 



than is represented by a column of 64 millimetres of 
water may be considered safe. 

When only a small quantity of oil is available for 
testing, the flash-point may be approximately deter- 
mined by slowly heating the oil in a test tube 4 or 5 
inches in length by about three-quarters of an inch in 
diameter, and inserting the burning end of a piece of 
thin twine into the mouth of the tube at intervals 
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after agitating the oil. The tube should be about 
one-third filled with the oil, and a delicate thermometer 
used to take the temperature. In this way results 
which do not differ materially from those furnished by 
the Abel instrument may be obtained after a little 
practice. 

The subject of the detection and measurement of Testing 
petroleum vapour in the atmosphere of tanks and *j^2^ $* 
other spaces engaged the attention of one of the 
authors about eight years ago. He was at one time 
accustomed to employ an alcohol flame in testing for use of 
petroleum vapour, but becoming impressed with the * lcoho1 
importance of being provided with a delicate and 
thoroughly trustworthy means of determining the 
proportion of inflammable vapour present, he was led 
to investigate the subject. After experimenting with Expenmen- 
various methods of testing, with results given in a t f linvesti e*- 
paper published in the Minutes of Proceedings of the 
Institution of Civil Engineers* he devised, in consulta- 
tion with Professor Clowes and Mr. Robert Redwood 
and with the assistance of Messrs. W. J. Fraser & Co., 
a testing apparatus in which the hydrogen flame is 
employed.t It is well known that a non-luminous 
flame burning in a space from which light is excluded, 
in air containing a small proportion of inflammable gas 
or vapour, is seen to be surrounded by a faint halo, 
which is termed the "flame-cap." The advantage "Fiame- 
possessed by a hydrogen flame over other flames in c *£ m " ^ 

r . . Advantage 

point of sensitiveness when thus employed as a test of hydrogen 
for inflammable gases has long been recognised ; and amc ' 
Mr. Pieler,J in 1883, after referring to the previous 

* " Redwood on the Transport of Petroleum," Min. of Proc. Inst. 
C.E., cxvi. (1893-94), Part II. 

t English Patent No. 187, 1898. 

J ' Ueber einfache Methoden zur Untersuchung der Grubemvetter. 
Aachen, 18X8. 
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recommendation of the hydrogen flame for testing by 
Messrs. Mallard and Le Chatelier, # described an appa- 
ratus in which the gas generated in a Dobereiner lamp 
was burned in a specially constructed test-lamp, for 
use in testing samples of air from the workings in coal- 
Professor Clowes is entitled to the credit of 



mines. 



having devised a form of miners , testing-lamp, which 
depends for its success upon the employment of hydro- 
gen stored under pressure. In the Redwood testing- 
lamp compressed hydrogen is also used. 




Fig. 11. 

Description. The complete appliances are shown in Figs. 11 and 
12.t They consist of the lamp A, the reservoir of 
compressed hydrogen B, and the sampling vessel C, 
in which the sample of air for examination is collected. 
The lamp is shown in section in Fig. 12. A is the 
hydrogen inlet tube with the regulating valve B, and 
C is the hydrogen jet. D is the inlet tube for the 

* Ann. d. Mines, 7th Ser., xix. 

t The apparatus is supplied by the sole makers. W. J. Fraser and 
Co., *J8 Commercial Road East, London, E. 
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sample of atmosphere to be tested. The bore of this 
tube is greatly contracted, and immediately above the 
point at which the tube enters the base of the lamp 
is an arrangement of baffles, surmounted by three discs 
of wire gauze of at least 28 wires per lineal inch, or not 





Fig. 12. 

less than 784 openings per square inch, the flow of the 
gaseous mixture to the flame being thus regulated, and 
passage of flame into the collecting-vessel being pre- 
vented. The chimney E fits air-tight at the base, but 
is capable of vertical movement on an inner tube, the 
front of which is removed. The chimney is partly of 
metal and partly of glass, the metallic portion being 
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blackened inside, and on the glass window, lines cor- 
responding with various heights of flame-caps may be 
marked. The top of the hydrogen jet- tube is 10 mm. 
(0*4 inch) below the bottom of the window. Attached 
to the base of the lamp is a telescopic support for a 
cloth, which envelops the head of the observer and 
excludes light when the testing apparatus is used 
in an undarkened room. The construction of the 
collecting- vessel is shown in section in Fig. 12. A is 
the compression-pump, which is furnished with a 
metallic spring-piston, fitting the pump cylinder without 
the use of leather or other material, and lubricated 
with plumbago. Surrounding the pump is an annular 
space, in which the sample of atmosphere is stored. B 
is a collar to which may be attached a flexible suction- 
tube of any desired length. C is a cock, to which is 
connected a copper tube conveying the sample to the 
test-lamp. The bore of this cock is very much reduced. 
D is a pressure gauge, and E a spring valve lifting at 
30 lbs. pressure. F F are hinged brackets, on which 
the feet of the operator are placed while the pump is 
being worked. A handle is provided by which the 
cylinder can be conveniently carried. The capacity of 
the pump is 14"84 cubic inches, and of the annular 
space 169 '14 cubic inches, thirty double strokes of the 
pump being required to charge the vessel to a pressure 
of 30 lbs. per square inch, when it will contain £ cubic 
foot of the atmosphere sampled. It is desirable that 
the collecting- vessel should be fitted with a relief valve, 
as the apparatus is often used in places in which the 
dial of the pressure gauge cannot be easily seen. The 
hydrogen cylinder may be of any desired size, but 
what is known as a 5-feet cylinder is of convenient 
dimensions. When charged to the usual pressure of 
120 atmospheres, it holds enough gas to supply a 
10-mm. flame for ten hours, and is quite portable. 
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The whole apparatus may be packed into two small 
boxes, and may thus be readily taken on board a 
vessel. 

In the use of the apparatus, the first step is to Mode of use. 
connect the hydrogen cylinder with the lamp, taking 
care that the unions are screwed up gas-tight. The 
sliding chimney of the lamp being raised about halfway, 
the gas is then cautiously turned on at the cylinder, 
the regulating valve on the lamp being left open, and 
a light is applied to the hydrogen jet. The valve on 
the hydrogen cylinder is then adjusted so as to give a 
flame rather more than 10 millimetres (0*4 inch) in 
length, and the lamp chimney pushed down until there 
is an opening of only about a quarter of an inch in 
height at the bottom. This opening is left for the 
supply of air to the hydrogen flame during the few 
minutes occupied in the warming of the chimney. As 
soon as the moisture which at first condenses upon the 
cold glass has evaporated, the lamp is ready for use, 
and assuming the collecting- vessel to have been already 
charged with the sample to be tested and connected 
with the lamp, all that remains is for the observer to 
completely close the sliding chimney of the lamp, 
adjust the hydrogen flame by means of the regulating 
valve on the lamp, so that the tip of the flame is only 
just hidden when the eye of the observer is on a level 
with the bottom of the window, place his head under 
a cloth, such as is used by photographers, so as to 
exclude light,* and as soon as his eyes have become 
sufficiently sensitive, turn on the tap of the collecting- 
cylinder, and carefully observe what takes place in the 
lamp chimney. The tap may at once be turned on 
fully, as the contraction of the outlet and inlet orifices, 
already referred to, prevents the sudden rushing out of 

* It is preferable to use the lamp in a darkened apartment, when 
this is possible. 
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the contents of the cylinder, and the sample will be 
gradually delivered into the test lamp during a period 
of more than two minutes, which is ample time for 
noting the effect. The rate of delivery is, of course, a 
gradually diminishing one, but this is not found to be 
attended with any inconvenience, the conditions being 
the same in each experiment. In this way, a propor- 
tion of vapour, considerably below that which is required 
even for the production of an inflammable mixture, and 
still lower than that which is needed to give an ex- 
plosive atmosphere, may be detected by the formation 
of a flame-cap of greyish-blue colour, which, though 
faint, is nevertheless easily seen, especially after a little 
practice. With an increase in the quantity of vapour, 
the flame-cap first becomes much better defined, though 
it is not greatly augmented in size, and then consider- 
able enlargement of the cap occurs, this condition being 
arrived at before the atmosphere becomes inflammable. 
One of the authors and his brother, Mr. T. Home 
Redwood, have succeeded in obtaining photographs 
of flame-caps, which are reproduced in Plate I. The 
results of experiments made by one of the authors 
show that even the proportion of vapour which furnishes 
the large flame-cap F is considerably below that neces- 
sary for the formation of a mixture which is combustible 
under the conditions of the experiments, and far smaller 
than that which produces an explosive mixture. The 
Delicacy of test is, therefore, a delicate one, and it is obvious that 
if the interior of a tank or other space be freed from 
vapour until a sample of the atmosphere gives no flame- 
cap with this apparatus, an ample margin of safety will 
be provided, even allowing for the fact that on the large 
scale, under some circumstances, combustion might 
occur when the proportion of vapour was smaller than 
the minimum quantity found to be requisite in the 
experiments made. 
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In taking a sample of air in a tank it must be re- Density of 
membered that the density of the vapour of petroleum v*p° U r Um 
is always much greater than that of the air. The 
density of the vapour varies with the chemical compo- 
sition of the hydrocarbons volatilised. Thus the vapour 
of pentane (C 5 H 12 ), a hydrocarbon of the paraffin series 
present in American crude petroleum, and of which 
gasoline is largely composed, is 2 '5 times heavier than 
air, whilst that of heptane (C 7 H 16 ) is 3 '4 times heavier 
than air. 

The collecting-vessel may be used in the tank if the Collection of 
proportion of vapour present is known to be small, but sam P le - 
even in such cases it is better to employ a short suction- 
tube, the open end of which can be placed at the lowest 
point in the tank, where the heavy vapour would prob- 
ably be found in largest quantity. If, on the other 
hand, the atmosphere of the tank is suspected to con- 
tain so much vapour that there would be danger of its 
producing insensibility when taken into the lungs, and 
especially if the compartment is entered through a 
small manhole, it would obviously be most improper 
that any one should be sent into the tank, and in that 
case the sample should be taken by the use of a long 
suction-tube reaching to the bottom. 

The lamp and its accessories have now been in prac- satisfactory 
tical use for many years, and have given the most r * sult8 
satisfactory results. In reporting upon a serious acci- 
dent which occurred on board the s.s Tancarville 
through the explosion of a mixture of petroleum vapour 
and air, the inspectors for the Board of Trade made 
the following suggestions : — 

" When repairs require to be carried out in a vessel 
which has been carrying petroleum, there should, in our 
judgment, be a formal handing over of the vessel to 
those by whom the repairs are to be undertaken, and a 
certificate that the tanks and all dangerous spaces have, 
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as far as practicable, been adequately cleansed and 
ventilated and rendered free from risk of explosion or 
fire. If from any cause a complete certificate of this 
sort cannot be given, then it should be clearly notified 
which tanks or spaces have not been cleansed and are 
still dangerous." 

This recommendation has been generally acted upon, 
and such certificates are now given. 

Lubricating Oils. — In this country it is customary 
to determine the close and open flash-points and fire* 
test of these oils. The two latter may be ascertained 
by heating the oil at the rate of 10° F. per minute in a 
porcelain crucible about two inches in diameter, which 
is filled with the sample to be tested to about a quarter 
of an inch from the top and placed in a sand-bath, a 
gas-flame T \ inch in diameter being passed across the 
surface, on a level with the edge of the crucible, at each 
rise of two degrees of temperature, indicated by a 
sensitive thermometer, the bulb of which is immersed 
in the oil, until a flash takes place, and subsequently, 
on further elevation of temperature, the oil ignites and 
continues burning. The more usual practice, however, 
is to test the oil in a special form of apparatus, and, 
having determined the close flash-point, to remove the 
cover of the oil-cup and proceed to ascertain the open 
flash-point and fire-test by using a test-flame in the 
manner described. 

The apparatus most largely in use is that known as 
the Pensky-Martens tester, which is shown in Fig. 13, 
with the test-flame in position for igniting the vapour ; 
the cover of the oil-cup being shown in plan and side 
view, and a handle, for removing the oil-cup, in the 
separate figures. 

The cover of the oil-cup consists of two parts — viz., 
the portion joined to the rim, and an upper portion 
which revolves through a small arc. In each portion 
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there are three orifices, the central one being twice the 
area of the two lateral ones. These orifices may be 
made to coincide, or the openings may be completely 
closed, according to the relative positions of the two 
portions of the cover. The lower part of the cover is 
fitted with a vertical rod serving as a support to a tube. 
This tube can be rotated upon the rod by turning the 

k 




Fig. 13. 

non-conducting milled head at the upper end, and the 
action compresses a spring. At the lower end the tube 
is provided with an arm which, by the action of the 
spring, is held against a vertical stud. A pin project- 
ing downwards from the arm engages with a slot in 
the revolving portion of the cover, and on turning the 
milled head the openings in the upper portion of the 
cover are brought over those in the lower portion. At 
the same time, a flange projecting from the edge of the 
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revolving portion of the cover comes into contact with 
the oscillating test-jet, and this is depressed, so that at 
the same moment when the central openings coincide, 
the test-flame is brought to the orifice. On releasing 
the pressure requisite to turn the milled head, the 
openings in the cover are again closed by the action of 
the spring, and the test-jet is brought back to the hori- 
zontal position by the weight at the opposite end. 
This weight is attached to a stem forming a screw 
valve, by means of which the size of the test-flame can 
be adjusted. The gas is supplied through. a lateral 
tube forming one of the supports on which the jet 
oscillates, the other support consisting of a small stud. 
In the lower part of the cover of the cup there is a 
socket for a thermometer, and in the centre of the 
cover there is a tube through which the stem of the 
stirrer passes. This stirrer is provided with a pair of 
arms working in the oil, and a smaller pair in the 
vapour-spape above the oil. It is revolved by means of 
a flexible wire stem. The oil -cup is furnished with a 
pair of hooks for convenience in removing it from the 
bath when hot by means of the forked holder shown. 
The heating-vessel consists of a cast-iron air-bath with 
an annular chamber exposed to the flame, and a brass 
jacket, which serves to check radiation. The jacket is 
separated from the iron casting by a considerable space 
at the sides and by a distance of a quarter of an inch 
at the top. The oil-cup rests upon the jacket, and 
therefore does not come into contact with the cast iron. 
Beneath the bath there is a disc of wire gauze which is 
fitted to a swinging arm, so that it may be turned 
aside and the flame of a Bunsen burner allowed to 
impinge upon the bath when a high temperature is 
required. 

The flame of the burner may be regulated so that 
heating. the temperature of the oil rises at the rate of about 
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10° F. per minute. In employing this or any other 
form of close-test instrument in the testing of lubri- 
cating oils, it is important that the samples should be Freedom of 
free from water, as the presence of aqueous vapour in ^£ e rom 
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Fig. 15. 



the upper part of the cup prevents the occurrence of 
the" flash." 

Figs. 14 and 15 show Gray's instrument for deter- Gray's 
mining the flash-point of heavy oils. The apparatus 
consists of a brass oil-cup of the same dimensions as 



tester. 
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that employed in the Abel instrument, supported on a 
tripod stand and covered with a tight -fitting lid 
through which passes a steel shaft carrying on the end 
within the cup two stirrers, one for the oil and the 
other for the vapour. The upper end of the shaft 
terminates in a bevelled wheel engaging with another 
similar wheel on a horizontal shaft supported by two 
bearings and rotated by a handle fixed in an ebonite 
disc on its further extremity. This shaft also carries 
a collar from which project two pins at diametrically 
opposite points. These, when the shaft is drawn out a 
little way so as to disengage the bevel wheels, come 
into position for applying the test-flame. In the lid 
are three openings — one immediately in front of the 
test-flame, and the others on either side of it. The 
sliding cover is pierced with two orifices corresponding 
to those on the lid, and is kept closed (as shown in 
Fig. 15) by a spring while the bevel wheels are in 
gear. On drawing back the shaft, one of the project- 
ing pins engages with the horizontal arm of an upright 
rod connected with the slide, which is turned round 
when the handle of the shaft is moved about a quarter 
of a revolution, the openings in the lid being thus 
uncovered and the test-flame simultaneously applied. 
• Where gas is not available for the test-flame, a good 
substitute is obtained by passing a current of air or 
hydrogen through cotton wool or other absorbent 
material saturated with gasoline. 

The following are the directions for use prescribed 
by the inventor : The oil-cup being filled up to the 
mark inside with the oil to be tested, the thermometer 
is placed in its socket and heat is applied either by a 
direct flame or by the interposition of a sand-bath. 
The test-flame is adjusted to a diameter of about one- 
eighth of an inch. During the heating the stirrers 
should be rotated at short intervals, and in proportion 
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to the rate at which heating progresses. When 
the expected flash-point is approached, the heating 
should be more gradual, to ensure greater accuracy in 
the test ; and a rough test to ascertain this point may 
be first made. Observations may be taken every 
degree or half-degree, giving the stirrer a few turns 
before each. The rate of heating is immaterial, 
provided it is not too rapid to allow of readings being 
taken. 

Other Products. — The various commercial descrip- Testing 
tions of mineral spirit obtained from petroleum and ™ ! £f t ral 
shale oil have flash-points very far below the limit 
fixed by law, but it is nevertheless sometimes necessary 
in the administration of the Acts to make a formal 
application of the prescribed test. This can be done 
without risk, but care should be taken that the oil-cup 
is not filled or emptied in proximity to a flame. 

Burning oils of very high test, and gas-oils of this Testing 
description, are usually tested in the Pensky-Martens * as " oll8 » * c - 
instrument. 

SPECIFIC GRAVITY. 

The specific gravity will be seen from the particulars 
given in chap. iv. to afford a good indication of the 
character of the product. It may be determined with 
sufficient precision for this purpose by the use of an 
accurate hydrometer with an " open " scale, but the Hydro- 
temperature must also be taken, and if this exceeds or correction 
falls short of 60° F. the necessary correction must be for 
made. The correction depends to some extent upon texn P eraturc - 
the character of the product. In the case of kerosene 
it is usual for commercial purposes to add to, or deduct 
from, the observed specific gravity # 004 for every 10° F. 
above or below 60° F. ; thus 796 at 70° F., or '804 at 
50° F., would be '800. The co efficient of expansion of 
mineral spirit is higher, and of lubricating oils lower, 
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than that of kerosene, so that for these products the 
addition or subtraction should be respectively some- 
what greater and somewhat smaller, *005 and '003 
being nearer than '004 to the actual figure. 

The instrument known as the Westphal Balance, 
which can be obtained of any philosophical instrument 
maker, may sometimes be conveniently used instead 
of the hydrometer. 
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BOILING-POINT. 

The determination of the boiling-point of mineral 
spirit, which is a valuable means of identification, can 
be best carried out by the use of a globular flask, of 
about two fluid ounces capacity, with a tubular neck 
from the side of which a vapour-tube extends. The 
flask is half-filled with the sample, the neck is closed 
by a cork carrying a thermometer, the bulb of which 
is just above the bottom of the flask, and the vapour- 
tube is connected with a condenser. Heat being 
applied, the temperatures are noted at which active 
ebullition begins, and at which the distillation of the 
sample is practically finished. 

In advising the railway companies on the construction 
of vessels suitable for the conveyance of petroleum spirit, 
the authors found it necessary to devise a test by means 
of which the relative volatility of various products may 
be distinguished, from the point of view of the pressure 
which may be developed in a closed vessel on increase 
of temperature. The following is a description of the 
instrument which, after numerous experiments, was 
adopted for the purpose : # 

A thin glass tube, 6 inches long by 1 inch in diameter, 
is joined at its upper end to a short length of J-inch 
tubing and at its lower end to a long capillary tube 

* The makers of this instrument are Messrs. Miiller and Co., 148 
High Holborn, W.C. 
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(1 mm. bore), which is bent up in the form of a U-tube 
and is graduated in inches. 

The 1-inch tube is marked at a point near the bottom 
and again near the top, these two marks being in such 
a position that the space between them is 90 per cent, 
of the total space above the lower mark. 
The test is to be carried out as follows : 
Fit the short £~inch glass tube with a piece of stout 
rubber tubing covering the whole of the glass tube and 
projecting about f inch above. Wire this firmly on in 
two or three places. Fix the apparatus upright ; pour 
in mercury up to the lower mark on the bulb ; draw a 
little air through the mercury into the bulb to ensure 
that the mercury column in the capillary tube is un- 
broken. Pour in the spirit to be tested until it is 
well up to the upper line. Place the apparatus verti- 
cally in a vessel of water cooled down to 50° F. When 
the spirit has attained this temperature add a little 
spirit, if necessary, to bring the level up to the upper 
mark, then fit a strong screw pinch-cock on to the 
rubber tubing close above the glass tube, and screw 
up very firmly. Remove the apparatus from the cold 
water, and place it in a vessel of water heated to 
100° F., taking care that the level of the water is 
well above the top of the rubber tubing so that any 
leakage may be observed. Maintain the water at this 
temperature for half an hour, at the end of which time 
observe the height of the mercury column by the scale 
marked on the capillary tube. The height should not 
exceed 24 inches if the spirit is to be contained in the 
vessels recommended for the purpose. 

OTHER TESTS. 

For scientific, industrial, or commercial purposes 
many other tests are applied to petroleum, shale-oil, 
and coal-tar products. Crude petroleum is fractionally 
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distilled in the laboratory with a view to learning what 
results it may be expected to yield in the refinery, and 
it is frequently necessary also to determine the chemical 
composition. The results of fractional distillation form 
the principal basis of valuation of coal-tar products. 
The colour and burning quality of kerosene and other 
burning oils are experimentally determined. The Trinity 
House contract conditions for mineral oil intended for 
use in lighthouse lamps specify that : 

(1) The mineral oil required to be supplied under this contract is 

to be of the best possible quality, the greatest care is to be 
taken in its preparation, and it must be perfectly free from 
sulphuric acid. 

(2) In all cases, whether the oil be petroleum or paraffin, its 

flashing-point is to be determined by using the apparatus 
described in Schedule 1 of the Petroleum Act of 1879. 
(8) If the oil be petroleum, its flashing-point is to be not lower 
than 125° F. (close test), and it is to distil between 302° 
and 572° F., the temperature of the vapour, not that of 
the liquid, being taken. 

(4) If the oil be paraffin, its specific gravity is to be not less than 

0-810, nor greater than 0820, at 60° F. ; its flashing-point 
is to be not lower than 140° F. (close test), and it is to 
distil between 302° and 572° F., the temperature of the 
vapour, not that of the liquid, being taken. 

(5) The illuminating power of the oil supplied, whether petroleum 

or paraffin, is to be equal to that of the best colza oil when 
consumed in a Trinity House Argand lamp. 

For the distillation test about 250 grammes of the 
oil may be taken, the operation being conducted in an 
ordinary distillation flask, with the bulb of the thermo- 
meter midway between the shoulder of the flask and 
the lateral tube leading to the condenser. The upper 
part of the flask should be wrapped in asbestos cloth. 

In reporting upon lubricating oils, the colour (of 
" pale " oils) and viscosity are also recorded. The latter 
quality, which is a measure of lubricating value, is 
expressed in terms of the time occupied by the outflow 
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of a given quantity at a specified temperature from 
the orifice of a specially constructed apparatus, Red- 
wood's Viscometer being the standard instrument in Redwood's 
this country. Sometimes the lubricating power is also ^ometer 
directly determined by testing the oil on a friction- 
testing machine, though the results thus obtained are Fricton 
usually of doubtful value. The "cold-test" of such te8t - 
oils is also tested, this being the temperature at which " Cold-test.* 
the sample, when slowly cooled, deposits solid hydro- 
carbons or ceases to flow. Occasionally the loss sus- Loss on 
tained by the oil on exposure in a capsule to an catin *' 
elevated temperature ; the percentage of fixed oils Composi- 
present, or absence of such oils ; and the freedom from tlon * 
impurities, some of which may act injuriously upon Freedom 
metallic surfaces, or from substances added to give f™" 1 . . 

7 © impurities. 

artificial viscosity ; have to be ascertained. The testing 

of paraffin is usually confined to the determination Paraffin 

of the " melting-point," as it is called, which is really testing - 

the setting-point, and the percentage of oil, water, 

and dirt present. Solar-oil distillate and American 

gas oil are subjected to tests prescribed in the Gas Gas-oil 

Companies' contract conditions. testing. 

It does not fall within the scope of this work to 
describe these additional tests in detail ; and for further 
particulars of them, as well as of the chemical examina- 
tion of petroleum products, the reader is referred to 
the more comprehensive work to which allusion is made 
in the preface. 
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Act of 1862. The history of petroleum legislation in this country 
dates from 1862, in which year an "Act for the safe 
keeping of petroleum " was passed, and came into force 
three months later. In the first section of this Act, 
petroleum is defined in rather curious wording. The 
definition reads as follows : " Petroleum for the pur- 
poses of this Act shall include any product thereof 
that gives off an inflammable vapour at a temperature 
of less than one hundred degrees of Fahrenheit's ther- 
mometer." It was intended to legislate only for the 
more volatile products, but the intention of the Act as 
expressed in its wording was undoubtedly to include 
all petroleum of whatever flash-point, and this inter- 
pretation has been upheld in a Court of Law.* 

Under this Act, vessels carrying petroleum on enter- 
ing a harbour were required to conform to the regula- 
tions of the harbour authorities in respect of the place 
of mooring. 

The Act of 1862 also provided that not more than 
40 gallons might be kept within 50 yards of a dwelling 
house or of a building in which goods were stored, 
except in pursuance of a licence from the local 
authority. 

The powers of search given by the Gunpowder Act 
of 1860 were incorporated in this Act, which also con- 
tained a provision that in England and Ireland one-half 

* Jones v. Cook, Law lieports, 6 Q.B. 505. 
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of any forfeiture or penalty should go to the informer, 
unless he were a servant of the person informed 
against. 

No means of testing the flash-point were laid down, 
and the temperature in the definition was taken by 
some to mean that of the " fire- test " of the oil. In 
point of fact the Act was found to be unworkable, and 
though occasional prosecutions did take place, it may 
be said that practically it was wholly inoperative. 

In 1867 a Select Committee was appointed by the Select 
House of Commons to inquire into the then existing Q f °^™ lttee 
legislative provisions for the protection of life and 
property against fire. A great deal of evidence on the 
dangers of petroleum and the inefficient character of 
the legislation was taken, and the Committee presented 
a report in which a number of recommendations were 
put forward. One of these recommendations was to 
the effect that no petroleum with a flash-point of less 
than 110° F. should be sold for illuminating purposes, 
the flash-point to be determined by an open test, 
details of which were given. In this recommendation 
the Committee were following the lines of American 
legislation. In the United States a law had recently 
been passed prohibiting the sale of mineral oils below a 
fire-test of 110° F. for illuminating purposes, but such 
a prohibition is entirely contrary to the spirit of legis- 
lation in this country. An Englishman would very 
much resent being called upon to say for what purpose 
he was buying any particular article, and if asked by 
an oilman what he wanted petroleum for, he would 
probably suggest that the vendor should mind his own 
business.* 

* This difficulty was to some extent met in the Bill brought in 
in 1868 by providing that a person would be deemed to be selling 
petroleum spirit for illuminating purposes unless the vessel was 
labelled : " The contents must on no account be used for lamps/ 1 
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Obviously no total prohibition of the sale of petroleum 
below a certain standard could even be contemplated, 
inasmuch as mineral spirit is largely used in a variety 
of trades and by private persons for purposes of cleaning 
and as a solvent, to say nothing of its use in sponge- 
and flare-lamps, and more recently in motor-cars. 

In consequence of this Committee's recommendations, 
a Bill was introduced in the following year, laying down 
a flash-point of 110° F. by the open test. Thereupon 
the Petroleum Association sent a deputation to the 
Home Office to urge that the flash-point should be 
fixed at 100° as before. In consequence of this the 
whole question was referred to a Committee, consisting 
of Sir Frederick Abel (then Mr. Abel), Professor John 
Attfield and Dr. Henry Letheby. 

On June 4, 1868, this Committee made a report to 
the "three the Home Secretary which afterwards became known as 
chemists." the „ report of the three c h em ; sts< » while adhering to a 

flash-point of 100° F. as a safe limit, the three chemists 
proposed that the test should be carried out in an 
apparatus which they described, and which is known 
as the " open half-filled cup." This apparatus has been 
described in a previous chapter (p. 81). They also gave 
the results of some experiments with lamps, and proved 
that the production of an inflammable mixture in a 
lamp is not governed so much by the temperature of 
the oil as by the temperature of the metal work in 
contact with the wick, which temperature in the lamps 
experimented with rose as high as 113° F. They 
reported, however, that they did not consider it neces- 
sary to raise the legal flash-point above 100° F. 

Immediately after this report had been made, the 
petroleum trade were communicated with, and sub- 
mitted certain objections to the half-filled cup. 

Sir f. Abel's The matter was accordingly referred back to Sir F. 

alteration. Abel> who substituted for the half-filled cup a full cup 
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with a screen round it, and this was introduced into 
the Schedule of the Bill then before Parliament, which 
was recommitted on June 15, 1868. As to the exact 
difference between the results of the two forms of 
apparatus there has been much divergence of opinion,* 
probably on account of the fact that both forms are 
capable of manipulation, and are liable to give different 
results in the hands of different operators. The ques- 
tion is not really of the importance which it has been 
sought to attach to it, inasmuch as the test of the 
three chemists never at any time became the legal 
test. 

In July 1868 the Act was passed. This amended Act of 1868. 
the Act of 1862, and was intended to be read as one 
with the latter. The definition of petroleum was am- 
plified, and was framed with the evident intention of 
restricting the application of the Act to petroleum 
below the specified flash-point, but the word "include" 
instead of the word " mean " still remained, so that it 
cannot be said with certainty that the heavier oils did 
not come legally within the scope of the Act. 

The flash-point was fixed at 100° F. as before, and 
the method of testing was specified in a Schedule to 
the Act. The method finally adopted was the open 
full-cup with a screen as proposed by Sir F. Abel. 
This must not be confounded with the Abel test. 

* Dr. Attfield before the Select Committee of 1872 (Q. 770) 
stated that if the efficiency of the test recommended by the three 
chemists was to be maintained, the screen must be five inches in 
height, implying presumably that with a screen of that height the 
full cap would give the same results as the half-filled cup, whereas 
before the Select Committee of 1896 (Q. 4628) he stated that the 
half-filled cup gave a similar result to the Abel apparatus, i.e., 27° 
lower than the full cup. Again in a report quoted by Sir F. Abel 
before the latter Committee (Q. 7162) Dr. Attfield stated that the 
open cup with a three-inch screen and a cover to the screen gives 
the same results as the half- filled cup. 
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In the Act of 1868, instead of a quantity not ex- 
ceeding 40 gallons being allowed to be kept without 
licence within 50 yards of a dwelling house or ware- 
house, no quantity was allowed to be so kept, except 
for private use, in which case apparently an unlimited 
amount might be kept anywhere. Under this Act all 
petroleum spirit sold or exposed for sale was required 
to bear a label with an elaborate inscription upon it. 

Provision was also made for the testing, by Inspectors 
of Weights and Measures, of petroleum kept for sale, 
with the curious anomaly that if the petroleum was 
found by the Inspector to be kept contrary to the pro- 
visions of the Act, the person so offending was liable 
to a penalty not exceeding five pounds, whereas by a 
preceding section a person keeping petroleum without 
a licence in contravention of the Act was liable to a 
penalty of twenty pounds a day. 
Bin of 1869. j n th e following year a Bill was introduced into 
Parliament to repeal the previous ^cts, and in this 
several new principles were embodied. The term 
" inflammable oil" was substituted for " petroleum," 
and the definition was drawn so as clearly to exclude 
all oil above 100° F. flash-point (open-test). The Bill 
was made to apply also to nitro-glycerine, to which 
apparently the officer of the local authority was called 
upon to apply the flash- test. Had this measure become 
law, local authorities might have found considerable 
difficulty in filling the frequent vacancies which would 
inevitably have occurred. Fortunately the Bill did not 
become law. 

Nothing further appears to have been done until 
1871, when a fresh Act was passed repealing the two 
previous ones. When this Act was first introduced as 
a Bill, it contained a close-test with a flash-point of 
85° F. ; but although it was generally admitted that 
this test was superior to that specified in the Act of 
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1868, there was a great difference of opinion as to the 
equivalent flash-point to be adopted for the close-test. 
The controversy on this point was so prolonged that 
though the Bill passed the Lords, the period of the 
Session was too late for the matter to be adjusted. 
Consequently the close-test was dropped, and the Bill 
was passed with the open-test as specified in the Act 
of 1868. 

The Act of 1871 was passed for one year only, with Act of 1871. 
the intention of legislating further in the ensuing 
Session. It was, however, renewed annually until 
1879, when it was made permanent, and is still in 
force, though the test has been modified. The details 
of this Act will be dealt with in the succeeding 
chapter. 

In 1872 a Bill was introduced into the Lords to Bill of 1872. 
substitute the close-test, it being by this time generally 
acknowledged that the open- test specified in the Acts 
of 1868 and 1871 was a very uncertain one. 

A flash-point of 85° F. was first adopted as the 
equivalent of 100° F. by the open test. The Bill was 
referred to a Select Committee of the House of Lords Select 
with a view to determining whether this equivalent ^ > ™ lttec 
was correct. This Committee collected a great deal of 
valuable evidence, and the question of flash-point was 
keenly fought before them. 

On July 5 they finally agreed on their report, which 
was to the effect that the close-test, with an alteration 
in detail, was much superior to the open-test. They 
considered that a flash-point of 100° F. by the open- 
test was sufficiently high to guarantee the safety of 
the public, and that the equivalent by the close-test 
should be 82°, not 85° as prescribed. The Bill, how- 
ever, was not brought down from the Lords until 
July 26, and it was then too late to make any further 
progress with it. 
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by Sir F. 
Abel. 



The subject of petroleum legislation was, shortly after 
this, taken up by the late Sir Vivian Majendie, who 
collected much information as to the working of the 
Act of 1871. 
Test revised In 1875 Sir F. Abel was asked to propose an improved 
method of testing, and on August 26, 1876, he made a 
report in which the Abel close-test was first brought 
forward. A full description of this apparatus will be 
found in Appendix II. A vast number of comparisons 
between the new apparatus and the old open-test were 
made by different persons and with different samples 
of oil, with the result that- the mean difference was 
found to be 27° F., that is to say, that an oil which 
would flash at 100° F. in the apparatus specified by the 
Act of 1871 would give 73° F. in the Abel test. 

A flash-point of 73° F. was therefore fixed for the 
Abel apparatus ; but it must be distinctly understood 
that this does not imply that the standard was in any 
way lowered. 

It was not until 1879 that the new test was at 
length adopted and made legal by an Act, which is 
still in force, being substituted for the test prescribed 
by the Act of 1871. The Act of 1879, beyond substi- 
tuting the new test and making the previous Act a 
permanent one, went no further in amending the law, 
although by this time it was seen that several amend- 
ments might with advantage be made. These, however, 
were reserved for future legislation. 

One of the most important defects in the law was 
the absence of regulation in the case of hawkers. Some 
years before this (July 26, 1875), the Law Officers had 
given an opinion to the effect that the Act of 1871 
would not prevent the hawking of petroleum in any 
istrict without licence, if the petroleum was not kept 

the same district; but on November 8, 1879, the 
CoV 1 ^ °^ Q ueens Bench decided in the case of Colemaji 



Act of 1879. 



Hawking. 
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v. Goldsmith that petroleum could not be kept in a 
hawker's cart without licence, or, in other words, that 
a hawkers cart must be regarded as a place within the 
meaning of the Act. The previous decision had imposed 
a hardship on those who, having a fixed place of business, 
were obliged to take out a licence, while the peripatetic 
hawker was under no restriction, and might therefore 
undersell the licensed vendor. The reversal of this 
decision, however, introduced fresh difficulties. A 
hlawker might ply his trade in half a dozen districts : 
to whom was he to apply for a licence, and what was 
he to do when the restrictions imposed in the different 
districts were not the same? It became necessary, 
therefore, to impose statutory rules to be complied 
with by all hawkers throughout the Kingdom, and 
at the same time to exempt their vehicles from the 
necessity of lieence. In 1881 an Act was passed for Act of 1881. 
this purpose, and this Act being still in force will be 
dealt with in detail in the next chapter. 

The Act of 1881 dealt only with the hawker difficulty, 
and it was not till 1883 that an attempt was made to 
remedy the other admitted defects of the existing 
legislation. In that year a comprehensive Bill was bui of 1883. 
introduced into the House of Lords, which repealed all 
previous Acts and introduced a new system of dealing 
with the whole subject. 

This Bill being a very long one, and containing no 
less than fifty-seven clauses, it is impossible to do more 
than glance at its more salient features. These were 
as follows : — The Bill was made to apply to all petroleum 
defined as before, whatever its flash-point ; but two 
classes were recognised and designated "high-test 
petroleum" and "low-test petroleum," the dividing 
line being fixed at a flash-point of 73° F. (Abel). 
Excepting for private use petroleum was to be kept 
only on premises registered with the local authority. 
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Statutory rules were laid down to be observed on such 
registered premises, these rules being, of course, much 
more stringent in the case of low-test petroleum. 

The place where the petroleum was kept was to be 
termed a " dep6t," and the quantities which might be 
kept were to be regulated by the distance at which the 
dep6t was situated from dwelling-houses, &c, the 
amount to be allowed in a dwelling-house being only 
50 gallons. In every case the amount of low- test 
petroleum was to be only one quarter of the total 
amount allowed. 

The Bill dealt with the conveyance of petroleum, 
and provided for the making of by-laws, not only by 
harbour authorities, but also by railway and canal 
companies. The hawking of petroleum was dealt with, 
and the powers and duties of local authorities were 
amplified and extended. 

There was also a clause providing for inquiry on 
behalf of the Secretary of State into causes of accidents, 
together with a number of miscellaneous clauses- not 
contained in previous legislation. 

The description of the testing apparatus, printed as 
a Schedule in the Bill, was copied from that contained 
in the Act of 1879; but another Schedule had been 
prepared in which the description differed in certain 
minor details, and this was considered to represent the 
actual apparatus somewhat more exactly. 
Select The Bill was referred to a Select Committee of the 

House of Lords, who, having heard a great deal of 
evidence and a number of objections urged against the 
Bill, reported that they did not consider it expedient 
that it should be proceeded with, but that the 
evidence they had taken would enable a fresh Bill to 
be prepared for the ensuing Session. The Bill was 
accordingly dropped. 

Shortly after this, the late Sir Vivian Majendie, in 



Committee 
of 1883. 
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company with one of the authors, then Secretary of the 
Petroleum Association, commenced a tour of inspection 
and inquiry in the United Kingdom and on the Conti- 
nent, in the course of which a large number of places 
were visited. 

In 1884 a draft Bill was in course of preparation, 
but did not reach the stage of being introduced into 
Parliament. In that year numerous conferences were 
held between the late Sir Vivian Majendie and the 
trade. 

In 1886 the tour of inspection was extended to 
Canada and the United States, and towards the end 
of the following year the preparation of another Bill 
was in progress. 

In the early part of 1888 more conferences were held, 
a large and influential committee, representing all 
branches of the trade, having been called together by 
the Petroleum Association. No opportunity for intro- 
ducing the new Bill occurred in the two succeeding 
years, and it was not until February 9, 1891, that the Biiiof isgi. 
measure was read for the first time in the House of 
Commons. An extensive memorandum on this Bill 
was prepared by the Home Office, and issued to both 
Houses of Parliament. Thereupon the Petroleum 
Defence Committee issued a report criticising the 
statements in this memorandum, evidently with a view 
to showing that such legislation was unnecessary. 

The Bill of 1891, like so many of its predecessors, 
died a natural death. It did not, in fact, reach a second 
reading. In general it fo' lowed the lines of the Bill 
of 1883, but it was made to apply not only to petroleum, 
as previously defined, but to liquid mixtures of petroleum 
with other substances, and to bisulphide of carbon also. 
It was termed the Inflammable Liquids Bill. Such 
inflammable liquids as have a specific gravity exceeding 
l'OOO, and a flash-point over 150° F. (Abel), were 
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excluded. The terms "mineral oil" and " mineral 
spirit" were substituted for "high-test" and "low- 
test" petroleum, the dividing line being, as before, a 
flash-point of 73° F. (Abel). Mineral spirit in quantity- 
above three gallons was only to be kept under licence, 
but mineral oil, with an exemption of sixty gallons, 
might be kept either under licence or under registra- 
tion ; the rules to be observed and the quantities to be 
kept in the latter case being laid down in the Bill. 

A table regulating the relation between quantity 
kept and distance from protected works appeared as a 
Schedule. In the case of licences, certain general rules 
to be observed were laid down, but power was given 
to the local authority to impose additional conditions. 
The Bill also contained a sort of instruction to local 
authorities not to be too hard on places which had 
been licensed under the Act of 1871, in cases where 
such places did not strictly conform with the new 
requirements. The expressions "dep6t" and "tank 
dep6t" were rigidly defined, the definitions in the 
former case being framed so as to provide against 
outflow, while the tank forming a tank-dep6t was to 
be constructed in accordance with a specification laid 
down by the Secretary of State. 

The Schedule containing the description and instruc- 
tions for use of the testing apparatus was fuller and 
more accurate than in the Act of 1879, and a table of 
corrections for barometric pressure was added. 

The remainder of the Bill was on the same lines as 
that of 1883, but it was even longer and more elaborate 
than the latter, and contained in all seventy -one 
clauses. 
PUsh-point Up to this time there had been no suggestion that 
agitation. the stan( j ar( i should be altered, but in 1892 the Scottish 
oil producers commenced an agitation with a view to 
inducing the Government to raise the flash-point. 
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According to the evidence given by the general 
manager of one of the Scottish Oil Companies, before 
the Select Committee of 1894, action had not been 
previously taken in this direction owing to the exist- 
ence of an understanding between the Scottish and 
American trades, by which the latter undertook to 
keep down the production of paraffin wax, on condi- 
tion that the question of altering the standard of flash- 
point in this country was not raised.* 

In 1894 a Select Committee of the House of Commons Select 
was appointed, and after having taken a certain amount of ^g^ to e8 
of evidence, recommended that the Committee should 1898 
be re-appointed. In 1896 this was done, and the 
Committee which sat during that year and was again 
re-appointed in the following year, made their report 
in 1898. 

It is impossible within the limits of this chapter to 
do more than glance at the immense amount of evidence 
collected by these Committees, though this evidence 
has been extensively made use of in other parts of this 
volume. 

The statements of several of the witnesses were 
directed to showing the deficiencies in the existing law 
in regard to petroleum, and much valuable evidence on 
this point was supplied by the late Sir Vivian Majendie, 
who also furnished records of accidents which have 
occurred. The necessity of legislating for petroleum 
above the legal flash-point was very fully considered, 
as also the form which such legislation should take. 

One group of witnesses sought to prove by their 
evidence that accidents would be largely or entirely 
prevented by the simple expedient of raising the flash- 
point to 100° F. (Abel). 

The question of delects in the construction of lamps 

was entered into very fully, and some witnesses attri- 

* Select Committee 1894. Question 597 et seq. / 
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buted the majority of lamp accidents to these defects. 
Representatives of the lamp trades were heard, and 
some of them admitted that the construction of lamps 
should be improved. The views of municipal authorities 
were heard, as also those of the coroners of England. 
In general it maybe said that the evidence represented 
almost every interest concerned. It need hardly be 
said, therefore, that the most conflicting opinions were 
expressed. 

Had the Committee been able to present a unanimous 
Report, such Report would have been of immense value, 
and would have cleared up the whole question once for 
all. However, so far from the Report being a unani- 
mous one, the Committee were almost equally divided 
for and against every recommendation. Indeed, whether 
any particular recommendation was put forward or not 
appears to have depended almost entirely on the number 
of members who happened to be present. As a conse- 
quence of this the Report contains contradictions, and 
is of very little value or guidance to the Government 
in framing fresh legislation. 

In one part of the Report the Committee recommend 
that the flash-point should be raised to 100° F. (Abel), 
while in another they report strongly against such a 
measure. They recommend legislation based on the 
lines of the Bill of 1891 in regard to all oils, and statu- 
tory powers to be given to the Secretary of State to 
make regulations as to the manufacture and sale of 
lamps. They further suggest that steps should be 
taken to spread information among the public as to 
the nature of petroleum and the management of 
lamps. 
Mr. Recidtt's I n the following Session a private Bill was introduced 
Bil1 - by Mr. Reckitt, a member of the Committee, to raise 

the legal flash-point to 100° F. (Abel). This Bill was 
rejected on its second reading by a large majority in a 



LEGISLATION RELATING TO PETROLEUM. 147 

full House. The amount of " lobbying " which had 
taken place on this occasion was such as to induce 
Mr. Healy, in a humorous speech, to express wonder 
whether " all this was pure philanthropy." 

Meanwhile a Government Bill had been prepared 
in which an attempt was made to meet some of the 
more prominent requirements, but as yet there has 
been no opportunity of introducing it. 

This bring3 the somewhat remarkable history of 
petroleum legislation up to the present date. In the 
main, it is a history of laborious attempt and dis- 
couraging failure. Committee after Committee have 
sat ; volumes of evidence have been given and recorded ; 
Bill after Bill has been prepared, only to be thrown 
aside ; so that truly it may be said that, in the number 
of its failures, petroleum legislation rivals the Bill for 
legalising marriage with a deceased wife's sister. 



CHAPTER VIII. 

EXISTING LEGISLATION RELATING TO PETROLEUM 

Petroleum The law in regard to petroleum in force at the present 

Acts, i8 7 ito t j is contained in the Petroleum Acts of 1871, 1879, 

1881. , ' ' 

and 1881. For convenience of reference these Acts, 

together with some explanatory notes, have been printed 
in Appendix II., the Act of 1879 being incorporated 
with that of 1871. In the existing legislation there 
is no prohibition of the importation, keeping, sale, or 
use of any particular description of petroleum, nor, 
with one exception, is there any restriction whatever 
which applies to mineral oils — i.e., petroleum above 
the legal flash-point. The Acts merely impose certain 
restrictions on the importation, storage, and sale of 
petroleum spirit flashing below 73° F. (Abel). The 
fact that oils sold for use in ordinary lamps are always 
above this flash-point, has led some persons to suppose 
Petroleum tb at the sale of petroleum spirit for this purpose is 
spirit not prohibited by law, whereas in reality this is only an 
fo^use'in incidental effect. At the present time there is little 
lamps. difference in price between oil and spirit, so that 

naturally the majority of traders stock only such oils 
as they are able to keep and sell without restriction. 
It is not impossible, however, that at some future time, 
owing either to alteration in the law or to other cir- 
cumstances, this condition of things might be largely 
modified. 

If, for instance, it were found that either a better 
or much cheaper illuminant could be produced below 
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the legal flash-point, the demand for this would probably 
necessitate its supply, and both dealers and users might 
either submit to, or attempt to evade, restrictions in 
order to obtain a form of petroleum better suited to 
their needs. At the present time, however, petroleum 
spirit, though largely used for manufacturing and other 
purposes, is not in great demand as an illuminant ; and 
the number of places licensed for its keeping throughout 
the kingdom is not very large. 

The scope of the Acts of 1871 and 1879 may be Scope of 
briefly described as follows : iST^* 71 

(1) To define petroleum, and to make the law applic- 
able only to petroleum spirit having a flash-point 
below 73° F. (Abel). (1871, Sect. 2; and 1879, 
Sect. 2.) 

(2) To lay down a detailed system of testing, and to 
provide for the verification of the test apparatus. (1879, 
. x ect. 2 and 3, and First Schedule.) 

(3) To provide for the making of harbour by-laws 
governing the berthing of ships carrying petroleum 
spirit and the landing of their cargoes, and to provide 
for notice being given to the harbour authority on the 
entry of such ships into a harbour. (1871, Sects. 4 and 5.) 

(4) To provide for the marking of vessels containing 
petroleum spirit. (1871, Sect. 6.) 

(5) To require, that, with the exception of a quantity 
not exceeding three gallons when kept in a prescribed 
manner, no petroleum spirit may be kept without a 
licence from the local authority. (1871, Sect. 7.) 

(6) To specify the local authorities throughout the 
Kingdom. (1871, Sect. 8.) 

(7) To provide for the method of granting, and the 
scope of, licences for keeping petroleum spirit. (1871, 
Sect. 9.) 

(8) To provide a right of appeal in cases where the 
grant of a licence is refused by the local authority, 
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or where an applicant is dissatisfied with the conditions 
imposed. (1871, Sect. 10.) 

(9) To provide for the sampling, testing, and inspection 
of petroleum on dealers' premises. (1871, Sect. 11.) 

(10) To provide a penalty for refusing to show petro- 
leum, or for obstructing the officer of the local authority 
in the case of dealers. (1871, Sect. 12.) 

(11) To provide means of search for, and seizure of, 
petroleum spirit in respect of which there is believed 
to be a breach of the law. (1871, Sect. 13.) 

(12) To enable other substances to be brought within 
the scope of the Acts by Order in Council. (1871, 
Sect. 14.) 

(13) To provide for the prosecution of offenders and 
. the recovery of penalties. (1871, Sect. 15.) 

(14) To provide for the reservation of previous powers 
with respect to inflammable substances, and for the 
repeal of previous Acts. (1871, Sects. 16 and 17.) 

The detailed precautions to be taken in bringing 
petroleum spirit into the country, or in its storage, are 
not contained in the Acts themselves, but are to be 
enjoined by harbour by-laws or by the terms of 
licences granted by local authorities. Consequently 
these vary considerably in different places In order 
Harbour to assist harbour authorities in framing by-laws in 
by-laws. ^ ie future, the Explosives Department of the Home 
Office have recently, at the instance of the Board of 
Trade, prepared a Model Code, which will be found in 
Appendix V. This Code is, of course, in no way 
binding, and may be varied in accordance with local 
conditions or the requirements of any particular harbour. 
Forms of In Appendix VI. will be found the forms of licence 

which are used by the London County Council to cover 
the various conditions under which petroleum is allowed 
to be kept in the Metropolis. These, again, are in no 
way binding on other local authorities, but may be of 



licence. 
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assistance to those who have not already adopted a 
suitable form of licence. The London County Council 
have also issued, for the guidance of persons concerned, 
an abstract of the Petroleum Acts. 

After the passing of the Act of 1879, the Standards Verification 
Office of the Board of Trade issued regulations as to ^s^mem. 
the construction and verification of the apparatus for 
testing petroleum. These regulations will be found in 
Appendix VII., and a diagram of the instrument will 
be found in Plate II., Appendix II. 

Two Orders in Council (Appendix XII.) have been Carbide ot 
made under Section 14 of the Act of 1871. The first calcium - 
of these brings carbide of calcium within the provisions 
of the Act, and the second exempts small quantities of 
this substance from the necessity of licence. These 
Orders will be referred to at greater length in 
chap. xi. 

The Petroleum (Hawkers) Act, 1881, deals only Scope of Act 
with the hawking of petroleum spirit. This Act will of l8Sl " 
be found printed in full in Appendix IV. Its scope is 
as follows : 

(1) To enable any person licensed under the Act of 
1871 to hawk petroleum. (Sect. 1.) 

(2) To provide that petroleum oil while in any carriage 
used for the hawking of petroleum spirit shall be deemed 
to be petroleum to which the Petroleum Act applies, 
and shall therefore be subject to the same regulations. 
(Sect. 2.) 

(This is the only restriction on petroleum oil which 
exists under present legislation, unless indeed there 
are any local Acts bearing on the subject.) 

(3) To provide detailed regulations in regard to such 
hawking. (Sect. 2.) 

(4) To provide for seizure of petroleum without warrant 
in a case where there is cause to believe that an offence 
against this Act is being committed. (Sect. 4.) 
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(5) To prevent the hawking of petroleum in any 
borough where such hawking has by lawful authority 
been forbidden. (Sect. 5.) 
Defects in Although undoubtedly the Petroleum Act of 1871 
legislation. ^as man y defects, the fact that it has remained upon 
the Statute Book — amended, it is true, by the two 
subsequent Acts — for thirty years may be regarded as 
a proof that it is by no means unworkable. Nor has 
it in any sense become a dead letter, though it must 
be admitted that in many places its administration 
leaves much to be desired. It has, at any rate, the 
merit of comparative simplicity, and the questions 
which have arisen in regard to its interpretation and 
effect have not been numerous. 

It may not be out of place to discuss some of the 
defects, both real and alleged, which pertain to existing 
legislation, as well as proposals which have been made 
for their remedy. 

The present Acts do not in any way control the 
keeping of petroleum oils, and various representations 
have been made to the Government in favour of sub- 
jecting such oils to legislative restriction. To meet 
this defect it has been proposed to adopt a system of 
registration of places where petroleum oil up to a flash- 
point of 150° F. (Abel) is kept. 

This would not interfere with the right of any person 
to keep such oil so long as he observes certain statutory 
precautions ; whilst in the event of his having a diffi- 
culty in observing these precautions, it was intended 
that he should still have the alternative of applying 
for licence to the local authority. On the other hand, it 
has been urged that if the legal flash-point were raised 
to 100° F. (Abel), it would be safe to exclude any oil 
flashing above that temperature from all restriction. 

A minor defect is that the method of testing 
described in the Schedule to the Act of 1879 makes no 



LEGISLATION RELATING TO PETROLEUM. 153 

allowance for variations in barometric pressure, and 
that in other respects the Schedule is capable of 
improvement. In the Bill of 1891 a Schedule was 
inserted providing for an improved testing apparatus 
known as the Abel-Pensky,* in which there is a clock- 
work arrangement for applying the igniting flame. 
This Schedule also contained a Table of Corrections of 
flash-point for variations in barometric pressure. These 
corrections, which are given in Appendix VIIL, have 
not yet been sanctioned by law, but it might be well 
for inspectors, in cases where petroleum of a flash-point 
but slightly below the legal standard is found to be 
kept, to refer to this table and ascertain whether, if 
the observed flash-point were corrected, the keeping 
would still be illegal or not, and use discretion as to 
the institution of proceedings accordingly. 

Another defect is the very limited scope of the 
powers conferred on the harbour authorities in regard 
to by-laws. These powers do not directly include the 
regulation of the shipment of petroleum, or the enforcing 
of precautions on board the ship previous to landing 
the petroleum, or on a wharf after the petroleum is 
landed. It is doubtful even if all the by-laws in the 
suggested Model Code are strictly within the four 
corners of the Act, though it is probable that any 
Court of Law would hold that they are sufficiently 
within the intention of the Act to give them legal 
validity. 

The absence of powers enabling railway and canal 
companies to make by-laws, and the omission of all 
restriction on the conveyance of petroleum spirit, is 
regarded as another defect in the law. But it must be 
remembered that, as railway and canal companies 
are not common carriers of dangerous goods, it is open 

* For a description of this instrument (Capt. Thomson's petroleum 
spirit tester), see chap vi. 
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to thera to impose such restrictions as will ensure 
safety, and that it is wholly to their advantage to 
do so. 

The railway companies have, through their Clearing 
House, done a good deal in this direction, and quite 
recently they have consulted the Authors with a view 
to putting the whole question of the nature of vessels 
of all sizes for conveyance of petroleum spirit, including 
tank-waggons, on a more satisfactory footing. 

Various experiments and tests of the smaller vessels 
have been carried out, and specifications of these and 
of tank-waggons have been recommended. These 
specifications will probably find a place in the publica- 
tion* in which the railway companies specify their 
conditions for the carriage of goods classified as 
dangerous substances. As a matter of fact, serious 
accidents in the inland conveyance of petroleum have 
not been frequent, and it cannot be said that there is 
any urgent necessity for the amendment of the law in 
this direction. 

Another defect in existing legislation is the absence 
of any definite regulations of universal application to 
the keeping of petroleum, and indeed of any indication 
as to the character of the precautions which should be 
taken, this being a matter left entirely to the discretion 
of the local authority. 

The Acts are also defective in their provisions as to 
local control. They contain no obligation on the local 
authority to enforce the law or to appoint officers for 
the purpose. 

The excessive decentralisation which puts in the 
hands of district councils throughout the Kingdom 
the administration of such technical legislation cannot 
but militate against the attainment of the object in 
view. In many cases it is impossible for these bodies 
* General Railway Classification of Goods. 
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to find any person with sufficient technical knowledge 
to advise them, or to act as their officer in enforcing 
the provisions of the Acts. Nor are the present local 
authorities always fitted for the duty, inasmuch as 
their members are frequently interested parties and 
licensees under the Act, 

Even where there is every desire to carry the Acts 
into effect and where a zealous and efficient officer has 
been appointed, difficulties are met with in the 
inadequate powers of inspection, search and sampling, 
particularly in the case of petroleum kept by persons 
who are not dealers. As an example, a recent case 
may be quoted in which an accident occurred with 
carbide of calcium on unlicensed premises. The officer 
of the local authority, wishing to inspect the place, 
found that in order to obtain the necessary search 
warrant, he would have to wait some weeks, until 
the next sitting of the bench of magistrates. 

The absence of any provision for Government control 
and general supervision of the working of the Acts is 
undoubtedly also a defect. Under existing legislation 
there is no Government department having statutory 
powers under the Acts, nor has any Government officer 
a legal right of entry. 

Other defects are the absence of a statutory require- 
ment as to the reporting of accidents, and the want of 
provision for inquiry into those which are of a serious 
character. 

The majority of the above defects, as well as many Possibility 
others of less importance which have from time to time ^/J^atfon 
made themselves felt, will no doubt in time be remedied 
by fresh legislation of a comprehensive character ; but 
it must be evident that at the present time, at any 
rate, the whole question has been so obscured by trade 
interests, and by prejudices which have been fostered 
thereby, that the Government would meet with the 
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greatest difficulty in passing even the most reasonable 

and moderate amendments of the law. 

Exemption One further enactment bearing on petroleum should 

spiri^foi* 11111 ^ e meij tioned. When the Locomotives on Highways 

light Act, 1896, was under consideration, it was represented 

ocomouves. fa^ ^ man y light locomotives would require for their 

use petroleum spirit, some relaxation of the law in 

regard to the keeping of such petroleum for this 

purpose might with advantage be made. 

Consequently a provision was mad« in this Act for 
the Secretary of State to issue regulations under 
which petroleum spirit may be kept for use in light 
locomotives without licence from the local authority. 
An Order was made under this section on November 3, 
1896, and this was superseded by an Order dated 
April 26, 1900. The latter is now in force, and will be 
found in Appendix IX. 



CHAPTER IX. 

PRECAUTIONS NECESSARY FOR PETROLEUM. 

In the previous chapter it has been pointed out that the Compara- 
law in this country in no way deals with petroleum oil *™ a ™* er 
— that is, with petroleum having a flash-point not below spirit. 
73° F. (Abel). It must not be inferred from this that 
such petroleum is absolutely safe, and that precautions 
are therefore wholly unnecessary. The main difference 
between petroleum spirit and petroleum oil is that, 
whereas the former, as usually met with in this country, 
gives off vapour copiously at any ordinary temperature 
and is readily inflammable when brought in contact 
with a flame, petroleum oil gives off vapour sparingly, 
and does not take fire at ordinary temperatures unless 
it is absorbed in some material capable of acting as a 
wick. But when an ignition has taken place, the 
dangers are much the same whether oil or spirit is 
involved. Where oil and spirit are kept together, 
therefore, the whole should be regarded as though it 
were petroleum spirit. 

The precautions which it is necessary to observe may 
be divided into two classes — viz., those for prevention 
of ignition, and those for minimising the effect of a 
conflagration should it occur. 

The most obvious precaution for the prevention of Danger 
ignition is to prohibit the bringing of a naked light f[°£j naked 
into dangerous proximity to the petroleum ; but the 
question at once arises as to how dangerous proximity 
may be defined, and this will of course depend on 
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whether any petroleum spirit is present and also on 
the nature of the surroundings. The vapour from 
spirit, being heavier than air, has a tendency to flow, 
and an ignition may therefore take place at some 
distance from the bulk of the petroleum. This was 
well illustrated by an accident which occurred on 
December 22, 1882, at Exeter, when a rock-hewn 
store which had been shut up for some time, was opened 
in the early morning by a man who had previously 
placed his lantern on the ground at a distance of 
53 feet from the entrance. The vapour travelled to 
the lantern and ignited, causing an explosion which 
was followed by a disastrous fire. 

In a room where petroleum spirit is employed for the 
purpose of a trade or manufacture, it is not sufficient 
merely to provide that there shall be no naked light in 
the immediate vicinity of the spirit, but a fire or any 
light capable of igniting vapour should be excluded 
from the room altogether. With oil the danger of 
vapour ignition is much less, but is not entirely absent, 
as is shown by explosions which have occurred, notably 
one on May 17, 1884, on the British barque A. Goudey, 
and another at Harburg, near Hamburg, on May 31, 
1895, where a tank containing oil was exploded by 
lightning. These, as well as several other explosions in 
America, were due to the vapour of oil and not spirit ; 
but in each case the explosive mixture of vapour and air 
had formed in a tank or confined space, and the ignition 
took place at the tank and not at any distance away. 
In general, therefore, in the case of oil a naked light 
should not be taken into the immediate vicinity of the 
tank or vessel containing the oil, while in the case of 
spirit such light should never be taken into the building 
in which the petroleum is kept, or even into its vicinity, 
at any rate when the door is open. A store for 
petroleum spirit should only be entered during daylight, 
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or with some form of artificial light incapable of igniting 
vapour. For this purpose a Miners Safety Lamp, or a 
special form of lamp constructed on the same principle, 
is sometimes used. 

Where a building in which spirit is used or stored Lighting of 
is lighted by incandescent electric light,* special pre- 8pin 
cautions should be taken in regard to the wiring and 
fittings, in addition to the regulations enjoined by the 
insurance companies. All switches and fuses should 
be outside the building, or should be enclosed in safety 
cases of metal or gauze. The wires should be led 
through metal pipes connected to earth, or should be 
protected by casing. No current- bearing part should 
be exposed — that is to say, all metal in contact with the 
source of electric supply should be either well coated 
with insulating material, or else entirely closed in a 
globe or metal case. 

The Wenham Lamp Company have, at the sugges- 
tion of one of the authors, designed a gas lamp for the 
lighting of such buildings, which is so constructed that 
the air supply is brought in from the outside, and vapour 
cannot come into contact with the flame. 

Some persons appear to consider that an ordinary 
closed lantern affords sufficient protection, but this is 
not the case. Unless a lamp is fitted with a properly 
constructed gauze covering to all apertures, it cannot 
with safety be taken into a building in which petroleum 
spirit is present. 

The readiness with which petroleum vapour can be Electric 
ignited by even a very small electric spark, has been s P ark - 
shown by several accidents in factories where fabrics 
are treated with petroleum spirit for the purpose of 
cleaning or waterproofing. 

In such cases the spark from the electric charge 
which had accumulated on the cloth was sufficient to 
* The arc light could not, of course, be safely used. 
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ignite the vapour. An accident of this description 
occurred on December 14, 1893, at Bradford, in a 
process for waterproofing cloth by treatment with 
paraffin wax dissolved in petroleum spirit. On this 
occasion the question of the prevention of such acci- 
dents in future received a good deal of attention. 
Probably it would be impossible entirely to guard 
against this danger, but the chance of accident may 
be much reduced by artificial ventilation and by fitting 
fine wire brushes or series of needle points in close 
proximity to the cloth so as to remove the electricity 
by silent discharge. 

Lightning. Every large tank, whether for oil or spirit, should be 
fitted with an efficient lightning-conductor, and it 
would be well if all petroleum stores were similarly 
protected. The number of serious fires and explosions 
of petroleum tanks, which have been caused by light- 
ning in various parts of the world, is considerable, 
though fortunately in this country there has been 
comparative immunity from accidents of this descrip- 
tion. 

Leakage. I* * 8 niost important at all times to guard against 

any leakage of petroleum, whether in conveyance, 
storage, or use. The neglect of this precaution has 
been a fruitful source of accident in the past. Thus at 
Mexboro , on May 13, 1881, oil stored in a yard had 
been allowed to leak into a cellar, where sufficient 
vapour accumulated to cause an explosion on a light 
being brought into the place. Again, the danger of 
allowing petroleum to leak or escape into the sewers 
has been illustrated by numerous accidents of a formid- 
able character. For instance, on May 5, 1884, the 
roadway at Newport, Monmouthshire, was torn up by 
an explosion in the sewers due to a quantity of benzo- 
line having been allowed to escape from a barrel in a 
shop. All taps for petroleum should be fitted with 
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drip-pans to catch any drip or leakage which may- 
occur. 

Every vessel, of whatever size, containing petroleum, Tanks and 
whether oil or spirit, should have a cover. In the case ™^y obe 
of large tanks the cover may take the form of an air- 
tight lid or top, having no opening except a ventilating 
hole which should be covered with fine wire gauze. 
Petroleum in barrels should invariably be under a roof 
of uninflammable material. The fire which occurred 
at Broxburn on August 19, 1887, is an illustration of 
the danger of the contents of an oil-tank, the cover of 
which is imperfectly closed, being ignited by a spark 
from a chimney. 

The necessity for a cover applies with equal force in 
the case of smaller vessels inside a building, as is shown 
by an accident at Hackney on June 17, 1896, where 
oil, which was being kept in open pails, became ignited, 
and a serious conflagration was caused. 

It is highly desirable that precautions should be Danger from 
taken to prevent children and unauthorised persons f mpt f 
from having access to petroleum, or even to barrels in 
which it has been contained. Numerous explosions 
have been caused by mischievous boys applying lighted 
matches to the bung-holes of empty petroleum spirit 
barrels, which generally contain vapour and are always 
highly inflammable. Such barrels as well as all other inflammable 
material of an inflammable character should be kept as material - 
far distant as possible from the place where petroleum 
is stored. The fatal fire which occurred in Lambeth 
on January 26, 1893, was caused by the ignition of a 
quantity of inflammable rubbish which had been 
allowed to accumulate near a leaky oil-barrel. 

A fruitful source of accident, both in this country Pouring 
and abroad, is the foolish practice of pouring petroleum Petroleum 
on a fire to make it burn up. This is frequently done 
with impunity, but the risk is never absent, and persons 

L 
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indulging in the practice are liable at any time to meet 
with a painful death. 
Quick- Special precautions to prevent ignition of. vapour 

d ^tf should be taken in using the so-called quick-drying 

paints or paint-driers which usually contain petroleum 
spirit. Where these paints are used in a confined 
space, the conditions are highly favourable for the 
formation of an explosive atmosphere. The loss of 
H.M.S. Dottrel in the Straits of Magellan on 
April 26, 1881, was due to an explosion of vapour 
from one of these paint-driers, known as Xerotine 
Siccative. The above are the more important precau- 
tions for the prevention of ignition ; it remains to deal 
with those for minimising the effects of an ignition 
should one occur. 
Ventilation. Every store in which petroleum spirit is kept in 
tanks should be thoroughly ventilated. This is not 
feasible where the spirit is kept in barrels, as it is 
found by experience that the effect of ventilation is to 
shrink the wood of the barrels and thus to increase the 
amount of leakage. 
Sand for In every petroleum store, or in any shop where oil 

ing fife 1Sh * 8 kept, there should always be a quantity of sand in a 
large bucket or coal-scuttle, ready for throwing on to 
any petroleum which may be spilt and ignited on the 
floor. In this way a fire may be extinguished in its 
initial stage. It must be remembered that water is 
useless for this purpose, as the oil will float and 
continue to burn on the surface. In the case of 
petroleum being spilt and ignited in a room, or on the 
clothes of a person, the flames should be at once 
enveloped in a hearth-rug or woollen table-cloth. 
Metal tanks. The safest description of vessel for containing 
petroleum, either in storage or conveyance, is un- 
doubtedly a metal tank. It would be beyond the 
scope of this volume to enter into details of the 
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construction of tank-steamers or of tank- waggons for 
road or rail (though some particulars are given in 
chap, iv.) ; but specifications for storage-tanks, which 
it was proposed to prescribe by law, may be of assist- 
ance to local authorities in determining the suitability 
for licence of a proposed store for petroleum spirit. 
These specifications are given in Appendix X. Every 
tank, if not provided with a gauze-covered air-hole, 
should be fitted with some form of safety-valve to 
prevent its being burst by internal pressure when 
heated by a conflagration. In the disastrous fire 
which occurred at Walker Gate on January 29, 1898, 
eleven persons lost their lives and many more sustained 
injury owing to the bursting of a creosote tank made 
from an old boiler, which had become heated by the 
flames. 

The most important precaution for minimising the Precautions 
effect of a fire is to prevent the outflow of the burning outflow, 
liquid. Thus every overground tank, every store for 
petroleum in barrels, and in fact every vessel containing 
petroleum oil or spirit, should be placed in such a 
position, or should be so surrounded with walls of 
masonry or earth, or with trenches, that under no 
circumstances can the liquid escape, even if the 
containing vessel gives way altogether. The capacity 
of the space formed by the surrounding wall, or of the 
trench, should be made sufficient to hold the contents 
of all the tanks or barrels which it surrounds. The 
effects of many of the largest petroleum fires have 
been aggravated by the outflow of the burning liquid 
into sewers, streets, or harbours, often with disastrous 
results. Thus in the accident at Exeter previously 
quoted, the burning petroleum flowed over the surface 
of the river and set fire to a vessel, which was com- 
pletely destroyed. In December 1881, at Bristol, an 
oil-store took fire, and the burning oil ran down into 



any one 
store. 
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the sewers, causing great damage. Again, at Anderston 
Quay, Glasgow, on January 16, 1897, quantities of 
burning oil escaped and ran down the streets, damaging 
buildings and property. Underground tanks are the 
safest in this respect, as escape of the oil cannot occur, 
unless it is displaced by water intended to extinguish 
the fire, as was the case in an accident which occurred 
at Notting Hill on March 5, 1890. But where under- 
ground tanks are installed, the greatest care must be 
taken to prevent the oil percolating through the soil 
to a sewer or to some building, in the event of a leak 
occurring; and, whereas leakage from an overground 
tank is readily observed, it is difficult to detect escape 
where the tank is sunk in the ground. 
Quantity in The quantity of petroleum which should be kept in 
any one store should depend on the method of keeping, 
and on the distances from " protected works." In the 
Inflammable Liquids Bill, 1891, "protected works" were 
defined as buildings in which persons dwell or assemble, 
docks, wharves, timber-yards, other petroleum stores, 
and any other place which the local authority might 
require to be so treated. In Appendix XVI. will be 
found a notice of the distances which should be main- 
tained whenever possible for various quantities and 
methods of keeping. Where petroleum is kept in a 
house it should never be stored in such a situation as, 
in case of fire, to prevent the escape of persons in the 
building. Three persons were burnt to death in the 
accident at Lambeth quoted above, their escape having 
been cut off by the burning oil, which was stored 
underneath the staircase. In general, the oil should 
be placed in the basement or outside the house, and in 
the case of shops it should be drawn to the place where 
it is wanted by a pump connected with the tank or 
barrel by means of a lead pipe. 

Petroleum should never be kept or conveyed with 
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any explosive. It was the neglect of this rather obvious Petroleum 
precaution which led to the disastrous explosion on the 5^1.*°*' 
Regent's Park Canal on October 2, 1874. In that conveyed 
instance gunpowder and petroleum spirit were being ^J^^ 
conveyed in the same barge, and the vapour from the 
spirit found its way into the cabin where a fire was 
burning. The keeping of petroleum near explosives is 
prohibited by the Explosives Act, but notwithstanding 
this, it sometimes happens that a person ignorantly 
stores the two substances together, under the mistaken 
belief that in dealing with two dangerous things it is 
better to consolidate the risk. 

The precautions which have been enumerated refer Precautions 
mainly to the storage of petroleum ; but many of them ^y^ e 
apply with equal force to conveyance. Thus the 
dangers of ignition and of leakage are as great, or even 
greater, when petroleum is being conveyed as when it 
is being kept in a place of storage. Until recently, 
accidents in the conveyance of petroleum by sea have 
been both serious and numerous ; but it is to be hoped 
that as the proper construction of ships for this purpose 
is now better understood, and more rigorous attention 
is paid to harbour by-laws, accidents of this class will 
become less frequent. It has been pointed out in a 
previous chapter that harbour authorities have no 
power to make by-laws governing the shipment of 
petroleum ; but tbis in no way relieves persons from 
the responsibility of adopting the same precautions in 
shipping as are enjoined in the landing of petroleum. 
(See Appendix V.) 

Special care must always be taken in cleansing the Cleansing 
holds or tanks of vessels which have carried petroleum p e t ro i eU m° 
from all oil and vapour before a naked light is admitted, ships. 
or before repairs are carried out. The best method of 
doing this in the case of tank-steamers is first to fill 
the tank up with water so as to float out all remnant 
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of the oil, and then to pump out and thoroughly dry 
the tank. A powerful ventilating fan should then be 
applied, and should be kept working during the whole 
time men are working in the tank. Modern petroleum 
ships are usually fitted with a suitable fan for this 
purpose, but in some vessels a steam ejector is used 
for the purpose. Ordinary windsails do not furnish a 
very efficient means of cleansing a tank, and should 
not be relied on unless the conditions are exceptionally 
favourable for their use. Whatever the method of 
ventilation employed, the operation of cleansing is 
much assisted by injecting steam into the tank so as 
to warm the interior. That these precautions are 
necessary with vessels which have carried refined oil, 
as well as with those which have carried crude oil or 
spirit, was shown by the explosion which occurred in 
the s.s. Petriana on December 26, 1886, during 
repairs. This vessel had discharged a cargo of oil of a 
flash-point of 79° F. (Abel), and the tanks, having under- 
gone repair, were being tested when a rapid ignition 
of the atmosphere in one of the tanks occurred, which 
caused the death of ten persons. In this case a spray 
of oil had in all probability been forced into the tank, 
but in the chapter on flash-point it has been pointed 
out that, under certain conditions, an explosive mixture 
of vapour and air may be formed by petroleum oil 
when at a temperature considerably below its flash- 
point. 

It must be remembered that when a tank which has 
contained petroleum spirit is filled with water for the 
purpose of cleansing, a considerable quantity of vapour 
will be driven out; and in certain conditions of the 
weather this may tend to flow to some point where 
ignition could take place. Not only therefore must 
the requirement of the harbour by-law that no fire or 
light be on the vessel be strictly observed, but care 
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must also be takeu that the position of the vessel at 
the time of cleansing is such that no danger can arise 
from neighbouring vessels or from any external source 
of ignition. 

Of accidents in conveyance by road and rail there Conveyance 
have not been a great number in this country, nor, ** { ™* d and 
with one exception, have they been attended by very 
serious consequences. The exception referred to is the 
accident at Abergele on August 20, 1868, when the 
Irish mail ran into a goods train carrying about fifty 
barrels of paraffin oil which was ignited, and thirty- 
three persons were burnt to death. It is doubtful 
whether any precaution would prevent an accident of 
this description. Where a train carrying petroleum 
meets with a serious collision, the petroleum will 
almost inevitably be spilt, and a fire will be very 
likely to ensue. In general, the vessels in which 
petroleum is conveyed should be of such substantial 
construction as to withstand rough usage, and even a 
mild collision, without allowing their contents to escape. 
A slight collision which occurred in shunting on the 
sidings of the Great Northern Railway on August 16, 
1889, caused the breakage of some puncheons or large 
petroleum casks of insufficient strength containing 
mineral naphtha, and the spirit catching fire, the driver 
and fireman were burnt to death. 

An important precaution in the conveyance of over-filling 
petroleum is to avoid over-filling the vessel in which it of vcssels - 
is contained. The expansion of the liquid on rise of 
temperature, especially in the case of spirit, is con- 
siderable ; and unless a sufficient air-space is left, this 
expansion will be liable to burst or strain even the 
strongest vessels. The amount of air-space which 
should be left ought never to be less than 5 per cent, 
of the total capacity of the vessel, and it would be 
better always to allow 7\ per cent. 
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Petroleum Petroleum spirit in barrels, when conveyed in open 

barrels to be . . . . , - •' . . 

covered in trucks or lorries, should be covered by a tarpaulin to 
conveyance, avoid the danger of ignition, in case of leakage, by a 
spark from without. 

Drivers of waggons carrying petroleum spirit should 
not be allowed to smoke or even to carry matches, and 
such waggons should only travel during the hours of 
daylight. A driver should be in constant attendance 
on his waggon at all times when the latter is on a 
public thoroughfare, and should take every precaution 
to prevent mischievous persons approaching his vehicle, 
especially when leakage or spilling of the spirit may 
have occurred. In an accident which occurred at 
Hackney on January 6, 1880, a van loaded with 
petroleum spirit caught fire in the street from some 
cause which was not ascertained, and the burning 
liquid escaped, to the great danger of surrounding 
houses, several of which were scorched. Again, on 
December 20, 1898, in Great Russell Street, a man 
deliberately threw a lighted match into some spirit 
which had been spilt from a cart, with the result that 
the cart and all the naphtha were destroyed. 

Fortunately, accidents in the conveyance of petroleum 

by canal have not been numerous. The Regent's Park 

explosion originated in the ignition of benzoline vapour, 

but in that instance a large quantity of gunpowder was 

also present. The vapour penetrated into the cabin of 

the barge, and was there by some means ignited. As 

it would be impossible in canal barges of ordinary 

construction absolutely to prevent such penetration of 

9 vapour, all fires and lights should be excluded from 

barges carrying petroleum spirit. As in the case of 

\ conveyance by road, petroleum, whether oil or spirit, 

\ should be covered over so as to protect it from ignition 

from without. 

\ The hawking of petroleum spirit is provided for by 
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the regulations contained in the Act of 1881, and it is Hawking of 
not necessary here to amplify the precautions enjoined petro cum ' 
by that Act. The hawking of petroleum oil is subject 
to no legal restrictions, but as will have been gathered 
from the preceding pages, precautions should not be 
altogether dispensed with. It is true that in an open 
cart there is little fear of vapour accumulating in the 
case of oil ; but where a tank- waggon is employed, it 
is possible that under certain conditions an explosive 
atmosphere may be formed inside the tank, and a 
naked light should never therefore be brought near to 
the opening. In general, the precautions to be taken 
in hawking oil for the prevention of ignition and 
escape of the liquid, should be substantially the same 
as those detailed above for the storage and conveyance 
of this form of petroleum. 

The consideration of the dangers of petroleum lamps 
and the precautions to be taken in their use, will be 
left to the succeeding chapter. 

One further danger should be mentioned, namely, Danger of 
the risk of suffocation to a person entering an atmo- suffocation - 
sphere highly charged with petroleum vapour. The 
vapour is not actively poisonous, and may be inhaled 
in small proportions with- perfect impunity; but like 
many other non-poisonous gases, it will, in large 
quantities, so vitiate the air as to deprive a human 
being of the necessary supply of oxygen. In a recent 
case which occurred at Todmorden, a man, contrary to 
orders, entered a tank which had contained naphtha, 
and was so far overcome by the vapour that he 
perished before assistance could be rendered. Cases 
of partial suffocation have occurred amongst men 
working in the holds of vessels carrying petroleum 
spirit in barrels. 

To avoid this danger, tanks should not be entered 
except in cases of strict necessity, and then only after 
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being thoroughly cleansed of all remnant of spirit and 
vapour. The hold of a vessel and any other place 
where vapour is likely to have accumulated, should be 
well ventilated both before men begin to work therein 
and during the time they are so working. As regards 
ships this precaution is enjoined in most cases by 
harbour by-laws. The method adopted in testing the 
atmosphere of the tanks to ascertain whether vapour is 
present, is described in chap. vi. (p. 118). 



CHAPTER X. 

PETROLEUM OIL LAMPS. 

It would be beyond the scope of this volume to 
attempt to describe the numberless forms of lamps 
designed for use with mineral oil. The different 
patterns actually in use in this country may be 
counted by hundreds, and a still larger number of 
those which have been unsuccessful or have achieved 
no sale may be found in the records of the Patent 
Office. 

In general, a petroleum lamp consists of an oil- General 
container usually mounted on a pedestal, a burner a™ 81 " 10 " 
through which the wick passes, and a chimney to 
create the draught necessary for the effective burning 
of the oil. Except as regards a few patented lamps, 
the design is simple in the extreme; yet it is upon 
the many details of construction that not only the 
efficiency of the lamp, but its safety in ordinary use, 
may depend. 

Few persons have sufficient technical knowledge to choice of a 
judge of the safety and efficiency of a lamp, seen for lamp# 
the first time in the dealer's shop ; and purchasers are 
often guided more by the beauty and finish of an 
article than by any consideration as tp its efficiency 
or safety. It is well, therefore, to point out that in the 
case of petroleum lamps a beautiful appearance, even 
when accompanied by apparent excellence of manu- 
facture and perhaps a high price, is not always a 
guarantee that a lamp will prove satisfactory in actual 
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use. Artistic effect may be dearly purchased if it is 
given by a lamp which blackens the ceilings, fouls the 
atmosphere, and above all has features which may tend 
to produce a serious accident. 

On the other hand, the poorer classes are guided 
more by the question of cost than by any other con- 
sideration. To them the difference of a few pence in 
the price of a lamp is a matter of importance ; and 
though they may also be influenced by the appearance 
of the lamp which they select, the question of safety 
seldom carries much weight. The importation of very 
cheap foreign lamps obliges British manufacturers to 
compete in prices, and to disregard some of the most 
important conditions of safety. The publicity which 
has recently been given to the whole subject of 
accidents with petroleum lamps, appears to have had 
the effect of making all classes more careful in the use of 
such lamps, and it is to be hoped that this publicity will 
also diminish the demand for the cheap and trumpery 
lamps which have been the cause of so many disasters. 
Points of The following are the principal points which should 

construe- ^ l°°k e( l *° * n selecting a petroleum lamp. The base 
tion. should be of such diameter or weight, in proportion to 

the height and weight of the whole lamp, that the 
Stability. lamp is not easily overturned. This can readily be 
tested by gently tilting the unlit lamp, and ascertaining 
at what angle it tends to fall over on its side. Any 
person of ordinary intelligence will then be able to 
judge whether or not the lamp is too top-heavy, and 
too liable to be upset in ordinary use. It must be 
remembered in carrying out this test with an empty 
lamp, that allowance must be made for the extra 
weight of the oil, and of any shade which it may be 
proposed to add ; and that any tendency to instability 
in the empty lamp may be increased to a dangerous 
extent when the oil and shade are added. 
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The next point is to see that the oil-container is ou- 
firmly fixed to the pedestal. Lamps constructed to fit conlaincr - 
into ordinary candlesticks should never be purchased, 
as, unless the fit is exact, there will always be a 
tendency for the lamp to be shaken off. Even when 
such lamps fit accurately, an ordinary candlestick 
forms a very insecure base when the weight of the 
lamp is added. 

One of the most important points to be looked to 
in choosing a lamp is the strength of the oil-container. 
This part should be sufficiently strong to withstand a 
fall on a bare wooden floor from the height of a table 
without either being broken or allowing the oil to 
escape. Oil-containers are usually made of either 
metal, glass, or porcelain. If of metal, the thickness 
of the walls should be such that there is no appre- 
ciable tendency to collapse when the container is 
squeezed with moderate force by the hand. Some 
of the cheap lamps now in the market are made of 
metal which is so thin that the oil-container can be 
readily crushed by the fingers without any great muscular 
effort. Such lamps would undoubtedly be dangerous 
when upset even from the height of a table on to 
the floor of an ordinary room. The joints of metal 
containers should be made by folding the edges of 
the metal over each other, and should be strongly 
soldered. 

Glass or porcelain containers should be of substantial 
thickness to withstand the shock of a fall. A good 
rule is that the weight of a glass container should be 
from 15 oz. to 1 lb. for each pint of capacity. The 
substantial cut-glass containers fitted to the higher- 
priced lamps will generally be found to conform to 
this rule ; but there are unfortunately large numbers 
of lamps on the market of which the containers 
are made of thin blown porcelain glass. These 
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so-called " egg-shell " lamps, though attractive in 
appearance, have been responsible for a large number 
of accidents, and it would be well if their use could be 
absolutely prohibited. 

There has been much controversy as to the relative 
safety of metal and glass oil-containers. Undoubtedly 
a well-made and substantial metal container is safer 
than any glass one in the case of a fall ; but it is 
contended that metal has a greater tendency to heat 
the oil, and is therefore more likely to produce a lamp 
explosion. This contention is not, however, borne out 
by actual experience. Mr. Spencer, in a report to 
the Public Control Committee of the London County 
Council, has shown that the number of lamp explosions 
which have occurred with glass reservoirs far exceeds 
that with lamps wholly of metal. It is true that glass 
containers are more commonly used than metal ones, 
but this is hardly sufficient to account for the large 
difference in the numbers. It is possible that ex- 
plosions occur as often or oftener in metal containers, 
but that their consequences are seldom of a serious 
character. 

One advantage clear glass containers certainly have 
over metal ones; and that is the opportunity they 
afford of seeing the level of the oil, and ascertaining at 
a glance whether the lamp requires replenishing or 
not. There is therefore less temptation to remove 
the burner whilst the lamp is lighted. There is not 
in reality much difference in point of safety between 
substantial containers of glass and those of metal. 
In either case, if the lamp is otherwise of proper 
construction and properly looked after, accidents are 
not likely to occur. 
Fiiiing-hoie. Some lamps have a separate filling-hole for re- 
plenishing the oil, closed generally by a screw plug, 
but this opening is unnecessary, and its presence 
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offers a temptation to replenish the lamp without first 
extinguishing it. If a filling-hole is provided, the 
closing plug should have a well-fitting screw, and if 
this plug is perforated for an air inlet, the perforation 
should not be larger than a pin-hole. 

• Burner 

In the case of a metal lamp, the collar into which 
the burner is fitted should be securely soldered or 
brazed to the container; and where the latter is of 
glass or porcelain, the metal collar holding the burner 
should be firmly cemented to the container by means 
of a mixture of plaster-of-paris and glue or other suit- 
able cement. 

The burner should be attached to this collar by a 
well-fitting screw having at least three complete 
threads, or by a good bayonet joint. It is particularly 
in respect of the attachment of the burner that so 
many cheap lamps are defective. In some a screw 
stamped in thin metal, and having perhaps not more 
than one or two threads, is employed : in others there 
is a bayonet joint of equally flimsy construction. The 
consequence is that in a very short time the attach- 
ment becomes absolutely ineffective, and the burner is 
liable to be shaken loose by the smallest vibration. 
Then if a fall of the lamp occurs the burner is detached, 
and the oil, flowing out, becomes ignited, often with 
fatal result. 

Several fatal accidents have occurred through the 
use of small glass lamps which are sold for a penny, 
and on which the burner is fitted without proper 
attachment. Such lamps are dangerous and should 
not be used for any purpose. 

The thickness of metal of which the burner is con- 
structed should be sufficient to prevent any tendency 
of the parts to be bent out of shape in the ordinary 
operations of cleaning and inserting the wick, even in 
not over-gentle hands, but should not be unnecessarily 
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great, as thick metal is less readily kept cool by air- 
currents. The wick-tube should be solid-drawn, brazed, 
or double-folded ; and should be securely and completely 
soldered or brazed to the burner. The burner should 
be easily taken to pieces, so as to enable all parts to be 
readily cleaned. Above all, there should be no opening 
through which the explosive atmosphere which is liable 
to form in the container of any lamp can possibly be 
ignited. It is doubtful whether an air-inlet hole is 
ever necessary ; but if this is provided, it should take 
the form of a mere pin-hole placed as far from the flame 
of the lamp as possible. 

The chimney gallery is usually made of brass, and 
has projections turned up so as to hold the chimney. 
These projections should be made of substantial and 
elastic metal to afford a good grip for the chimney. If 
thin and weak, they soon get bent out and lose their 
hold, with the result that the chimney is liable to be 
tilted and cracked by the flame. 

There is some difference of opinion as to the value of 
an elongated wick-tube reaching down into the oil in 
the reservoir. It is claimed for this contrivance that 
it prevents the possibility of the ignition of the vapour 
in the container through the wick-tube; but if the 
wick entirely fills the tube, as it should do, no such 
ignition is possible. This elongated wick-tube has the 
disadvantage that it tends to heat the oil, and also 
renders the insertion of a fresh wick more difficult. 

Many safety devices for petroleum lamps have been 
proposed, and it would be beyond the scope of this 
volume to attempt to describe these in detail. The 
majority of such devices take the form of automatic 
extinguishers, which are intended to act when the 
lamp is upset or tilted out of the vertical. Few of 
these inventions can be wholly relied upon ; and never 
should such reliance be placed on any so-called safety 
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lamp as to cause ordinary precautions to be regarded 
as unnecessary. An appliance for extinguishing the 
lamp when its light is no longer required is certainly 
a useful adjunct, and removes all inducement to adopt 
the dangerous practice of blowing down the chimney. 

More important even than the proper construction Manage- 
of the lamp is carefulness and intelligence in its Jj^j 1 * of 
management and use. The ordinary petroleum lamp 
is not such a complicated piece of mechanism -as to 
require special intelligence for its safe employment, 
nor, on the other hand, is it so simple as to render all 
care and intelligence unnecessary. Any person who is 
not mentally deficient is perfectly capable of mastering 
the simple precautions which should be observed ; yet 
so long as lamp users fail to grasp the necessity of 
these precautions accidents will continue to occur. 
Some local authorities and lamp manufacturers have 
done good work in preparing and distributing rules for 
the guidance of users of lamps, but more widely spread 
instruction is badly needed. It has been suggested 
that girls should be taught at the board schools the 
proper care and management of lamps. If this sugges- 
tion were carried out, there is little doubt that lamp 
accidents would become less frequent. In Appendix XL 
will be found a code of rules based on those issued 
by local authorities, and embodying the precautions 
for the prevention of all the commoner forms of lamp 
accident. 

Dealing next with the subject of the accidents Accidents, 
themselves, it may be said at once that the number of 
cases where death or personal injury has been caused 
appears at first sight very alarming. During the 
eight years from 1889 to 1896 inclusive, the number 
of fatal lamp accidents was 1031, making an annual 
average of 129 throughout the country. It must be 
remembered, however, that these deaths occurred 
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among a vast number of persons using petroleum. It 
has been estimated that the number of lamps burning 
every night throughout the country is upwards of 
10,000,000, and this represents the lighting, burning, 
and extinguishing of a lamp nearly 4,000,000,000 times 
in a year. That this vast number of separate opera- 
tions causes not more than 129 deaths tends to show 
that the danger to an individual in using a petroleum 
lamp is not as great as it is sometimes represented. 
It is instructive to compare the number of fatal acci- 
dents caused by lamps with that of deaths from some 
other accidental cause — as, for instance, from falling 
down stairs. During the period named above this 
latter class of accident accounted for no less than 5500 
deaths, or more than five times as many as those due 
to lamp accidents. From this it will be seen that, large 
though the number of fatal lamp accidents undoubtedly 
is, it is not so much out of proportion to other fatalities 
as to call for legislation of a very drastic character. 
Lamp I n considering the causes of the accidents which 

explosions, occur, one is met by the great difficulty in some cases 
in obtaining trustworthy evidence as to particulars. 
Until recently, nearly every mishap with a lamp was 
described as an explosion. On the other hand, witnesses 
before the Select Committee have given the opinion 
that true lamp explosions scarcely ever occur; this 
opinion being no doubt based on the difficulty of 
producing such an explosion experimentally. 

The truth is that from 20 per cent, to 25 per cent, 
of the cases which have been investigated have proved 
to be explosions, whilst the remainder were fires caused 
in most cases by the fall of a lamp. A true lamp 
explosion occurs when the proportion of vapour to air 
in the reservoir happens to be between 2 per cent, and 
4 per cent., and when at the same time the flame is 
brought in contact with the mixture. If the reservoir 
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is a fragile one it gives way, and the burning oil is 
thrown over any person who happens to be near. It 
is by the burning oil and not by the violence of the 
explosion that persons are killed and injured. 

Falls of lamps occur in a variety of ways. Sometimes Fails of 
a person carrying a lamp stumbles or is jostled against : amps 
sometimes a lamp is pulled off a table or the latter is 
upset : hanging lamps are sometimes insecurely sus- 
pended : and sometimes a lamp is used as a missile. 

Again, cases have occurred where a lamp which was 
being carried in the hand has suddenly flared up, with 
the result that the person carrying it has dropped it in 
alarm. 

Another class of accident is caused by the ignition 
of the oil in attempting to refill the lamp while it is 
alight or in close proximity to a fire. In such cases a 
person loses presence of mind and upsets the burning 
oil. 

It is doubtful as to how far the number of lamp Suggested 
accidents could be diminished by any legislative ^e 181 ** 1011 - 
measure. The two suggestions which have been made 
as to legislation with this object are, first, to raise the 
flash-point to 100° F., and secondly, to establish a legal 
control over the construction of lamps. 

The first suggestion has been mentioned in previous Effect of 
chapters (pp. 75 and 144). It is urged that by this [^"SLh- 
means explosions would be entirely prevented, inas- point, 
much as the temperature of the oil in the reservoir of 
a lamp seldom attains 100° F. It has been shown 
that this contention is erroneous (chap. v.). The 
conditions in the lamp are entirely different from those 
in the testing instrument, owing principally to the 
heated metal of the burner. Professor Dewar # has 
shown that, under ordinary conditions of burning, the 
metal work of the burner inside the oil-container is 
* Select Committee, 1896 ; Q. 6758 et seq. 
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liable to acquire a temperature as high as 149° F., 
while if the draft is impeded, this temperature may 
rise still higher. Therefore, if the flash-point of the 
oil alone were to be depended upon, absolute immunity 
from lamp explosions could not be attained unless only 
oil of a much higher standard were employed. As to 
what this figure would be, opinions differ, but probably 
it would not be less than 150° F. (Abel), a flash-point 
which is quite out of the question, with the present 
construction of lamps, and sources of supply of oil. 

Moreover, if the flash-point were raised there is no 
certainty that only oil above the legal standard would 
be employed, for it must be clearly understood that 
there would not, nor ever could be, in this country, a 
total prohibition of the sale and use of any particular 
description of petroleum. It is true that at the present 
time the effect of the restrictions placed on petroleum 
below a flash-point of 73° F. (Abel) has been almost 
entirely to abolish the use of spirit as an illuminant. 
Spirit now, however, costs more than oil, and there is 
therefore no inducement to any one to use the former 
in preference to the latter. If, however, the flash- 
point were raised, all this might be changed, and oils 
with flash-points below the legal standard might be 
found to be much cheaper and better illuminants. In 
such case it is unlikely that legislative restrictions 
would any longer serve as a deterrent to the use of 
lower flash-point oils. 

The effect of the use only of oils of a flash-point 
above 100° F. (Abel) in preventing accidents from fall- 
ing lamps is by no means certain. If a lamp falls on 
a carpet and the oil escapes, a conflagration may ensue, 
whatever the nature of the oil, unless the lamp happens 
to be extinguished. But it is urged that the rapidity 
of the combustion will be much less in the case of high- 
flash oil. Other conditions being alike, this contention 
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is perfectly true, and in this respect the higher the 
flash-point the greater will be the safety. But if in 
the struggle to supply a high-flash oil at a reasonable 
price the free-burning qualities are sacrificed, this 
advantage may be largely nullified. An oil which is 
sluggish in ascending the wick tends to heat the lamp 
unduly ; and if when the lamp is upset the high-flash 
oil has become much hotter than would have been 
the case with oil of the present standard, there will 
be little difference in the rapidity of the resulting 
conflagration. 

It is stated by those in favour of raising the flash- 
point that lamp accidents with high-flash oil are prac- 
tically unknown. Even if this were true, it would not be 
conclusive as to the absolute safety of this description 
of oil, for two reasons. In the first place, the flash-point 
of the oil involved has not been ascertained in the case 
of the majority of lamp accidents which have occurred; 
and secondly, high-flash oil has not until lately been 
used to any large extent by the classes amongst whom 
the greater proportion of accidents occur. In the last 
two years, however, a brand of oil flashing at about 
100° F. (Abel) has been sold at prices which have 
brought it within the reach of such classes, and acci- 
dents with this oil have occurred. Indeed the propor- 
tion of such accidents to those with low-flash oil 
appears to be somewhat greater than might be expected 
from the relative proportions in which the two oils are 
used amongst the poorer classes. It would not be safe, 
however, to draw conclusions from this fact, owing to 
the large number of cases in which nothing is known 
as to the quality of the oil. 

A more powerful argument in favour of a higher immunity 
flash-point is the comparative immunity from lamp ^^ entB ^ 
accidents in Scotland, where Scottish shale oil is prin- Scotland, 
cipally used. But here again some other cause must 
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be operating to reduce the number of accidents, as the 
recent large increase in the consumption of low-flash 
oil in Scotland does not appear to have led to any 
increase in the number of lamp accidents. Moreover, 
in Germany and Switzerland, where the standard is 
lower than in this country, the number of accidents is 
also smaller than in England. 

It is, therefore, by no -means certain that raising the 
standard would have an appreciable effect in rendering 
lamp accidents less frequent. 
Effect on An important consideration to be taken into account 

is the effect which the raising of the flash-point would 
have on the price and quality of the oil if such a 
measure attained the desired effect of preventing the 
use of low-flash oil as an illuminant. 

It was shown above that fatal lamp accidents are 
largely outnumbered by fatal falls down stairs. Yet 
the most advanced reformer would not venture to 
suggest legislation for the abolition of houses of more 
than one storey. Obviously public safety is not the 
only consideration to be taken into account. Petroleum 
is essentially the illuminant of the poorer classes. The 
additional safety to be attained by raising the flash- 
point, the amount of which at best is somewhat 
doubtful, would be dearly bought if it entailed a 
serious increase of expenditure to the classes who can 
least afford it. 

The exact increase in the price of oil which would 
result from legislation raising the flash-point to 100° F. 
(Abel) can only be a matter of conjecture, owing to 
the numerous conditions on which the price depends. 
The evidence on this point before the Select Com- 
mittee was of the most contradictory character, and 
is therefore of little guidance as to the probable 
increase. 

The Committee, however, have reported that the 



PETROLEUM OIL LAMPS. 183 

effect of such legislation would be to materially increase 
the cost of petroleum to the consumer. 

In attempting to arrive at an estimate, several con- 
siderations must be taken into account. At the present 
time Scottish oil, having a flash-point of over 100° F. 
(Abel), is somewhat lower in price than American low 
flash-point oil, while the so-called " Water- White," 
which is the high flash-point oil imported from America, 
costs wholesale a little over a penny a gallon more 
than the ordinary American oil. 

But Scotch oil could never be produced in anything 
like the quantity which is required in this country. 
Nor would the supply of American Water -White 
oil be sufficient for our needs, inasmuch as this brand 
represents but a small percentage of the crude oil as 
taken from the wells. 

It is possible, however, to refine the ordinary oil so 
as to bring the flash-point up to 100° F. (Abel.) This 
may be done by distilling off a certain percentage of 
the lighter petroleum ; but in order to maintain the 
same free-burning qualities, it is necessary to remove 
also some portion of the heavier oils. 

The results of laboratory experiments having for 
their object the raising of the flash-point of the 
ordinary oils of commerce, are not conclusive, as high- 
test oil would not in practice be made from low-test 
oil, but would be produced direct from the crude oil. 
It is therefore difficult to say what proportion of the 
ordinary oils at present made would be rejected in 
making oils of 100° flash-point. It may be assumed, 
however, that if the free burning quality is not sacri- 
ficed the diminution in yield would not be* less than 
10 to 15 per cent, and might be more. Extra capital 
expenditure would be necessary at the refineries to 
maintain the output, but, except for this, the additional 
cost of the refining operations would not, probably, b§ 
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appreciable, as it would be necessary only to carry 
the process of distilling off the spirit a little further, 
and to arrest the distillation of the kerosene at an 
earlier stage. 

Conflicting opinions were given before the Committee 
as to the value of the portions of the ordinary American 
oil which would be thus rejected, but it seems probable 
that the portions in question could only be sold as a 
cheap fuel oil or for gas-making, and that their 
commercial value would be very low. Assuming 
this to be the case, the increase in the cost of the 
high-test oil over that of the low-test oil would 
probably result in the addition of not more than a 
penny a gallon to the price in this country, as the loss 
must be calculated on the oil at the refinery, where 
the price is comparatively low. It must, however, be 
borne in mind that there would be an increase in the 
quantity of by-products, of which at present the 
production in the -United States is in excess of the 
market requirements, and that this would tend to 
further raise the cost of the high-test oil, as the 
surplus of these by-products could only be sold, if at 
all, at reduced prices. 

There is, however, a more important point to be 
taken into consideration. According to evidence given 
before the Select Committee, the American refiners are 
barely able on the existing basis to meet the demands 
of the world for illuminating oil, and if the yield of 
such oil were diminished by raising the standard there 
would obviously be a risk of the supply proving 
inadequate. If this were to occur there would in- 
evitably be a serious rise in prices, or in the alternative 
an equally serious falling-off in the quality of the 
oil. The extent to which this might occur cannot 
be estimated, and it is evident that advocates of a 
test-standard of 100° F. might, if successful in their 
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efforts, find that they had assumed a very great 
responsibility. 

The other direction which has been suggested for prohibition 
legislation would be more likely in time to produce ofd* n &« r ou s 
good effect, and it is one which was recommended by 
the Select Committee with some approach to unanimity. 
Unquestionably if an Act of Parliament were passed 
which would have the effect of entirely preventing the 
use of defective and flimsy lamps, a large proportion of 
accidents would be avoided. But here again there are 
difficulties. Of the ten million lamps now in use in this 
country a large proportion are defective, and no law 
can prevent the continuance of their use. Again, a 
lamp which is up to the standard when it is first sold 
may become defective from old age or improper use, 
and here also the law would be powerless. Another 
obstacle would be the difficulty of ensuring an efficient 
administration of any such Act. Few local authorities 
in country districts would be able to find an inspector 
with sufficient technical qualifications to judge whether 
lamps which are offered for sale come up to the required 
standard. Even in large towns the local authority 
is not always sufficiently energetic to carry a law of 
this kind into useful effect. And if in any town 
cheap and defective lamps were allowed to be sold with 
impunity, ignorant persons from the whole district 
round would avail themselves of the opportunity, and 
the trade of the more law-abiding dealers would 
suffer. 

It will be seen from the above considerations that importance 
there are grave difficulties in the way of the prevention ° n8truction 
of accidents by legislative control. The surest method 
of diminishing the number of accidents would un- 
doubtedly be some form of education by which persons 
of every class throughout the country would be induced 
to purchase only lamps of safe construction, and to use 
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them properly. The cure really lies with the people 
themselves, and no legislation of any kind can possibly 
be as effective as instructed popular opinion. 

It is not too much to say that ninety per cent, of the 
accidents which have occurred, whether by explosion of 
a lamp or otherwise, have been directly due to gross 
carelessness, ignorance, or the use of lamps after they 
have become dirty or broken or defective, these causes 
being aided by the mistaken economy which induces 
persons to buy cheap and flimsy lamps rather than 
those of safer and at the same time more durable con- 
struction. 



CHAPTER XI. 

CARBIDE OF CALCIUM AND ACETYLENE. 

When a mixture of lime and coke or other form of Manufac- 
carbon is subjected to the intense heat of the electric tur * ° f 

*> m m carbide. 

furnace, chemical action takes place between the two 
substances. The lime is separated into its two com- 
ponent parts, calcium and oxygen, which combine with 
the carbon to form carbide of calcium and carbonic 
oxide respectively. The latter passes off as a gas, 
whilst the carbide remains in a molten or half-molten 
condition, and is either run off or allowed to form itself 
into an ingot in the furnace. 

A very large amount of electrical power is required 
for the manufacture of carbide on a commercial scale, 
and for this reason factories for its manufacture are 
usually situated at places where water-power is 
available. 

The importance of carbide of calcium as a commercial Formation 
product lies in the ease with which it can be made to ° acety ene * 
generate acetylene, which of all gases has the highest 
illuminating power. In order to produce this gas it is 
only necessary to bring the carbide into contact with 
water in a suitable generator, whereupon the calcium 
combines with the oxygen of the water to form lime, 
whilst the carbon combines with the hydrogen to form 
the gaseous product acetylene. The chemical processes 
involved in the formation of carbide of calcium and 
acetylene may be readily understood from the follow- 
ing simple chemical equations : 
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Affinity of 
carbide for 
water. 



Properties 
of carbide. 



Identifica- 
tion. 



Making use of the usual symbols : 



Calcium 
Oxygen 



Ca, 
O, 



Carbon . 
Hydrogen 



C, 
H, 



we get the following equations 



Lime. 
CaO + 

Calcium Carbide. 
CaC, + 



Carbon. 
3C 

Water. 
H 2 



Calcium Carbide. Carbonic Oxide. 



CaC 2 
Acetylene. 



CO. 

Lime. 
CaO. 



Properties 
of acetylene 



So great is the affinity of carbide of calcium for 
water that it combines with the moisture of the 
atmosphere, and whenever exposed to the air it con- 
tinues to give off the highly inflammable gas. 

This affinity is taken advantage of in what is termed 
the dry process of acetylene gemeration. The process 
in question consists in mixing powdered carbide with 
a salt, such as carbonate of soda, also in powder, which 
contains a large amount of water of crystallisation. 
The carbide then abstracts from the salt the water 
necessary for its decomposition. 

In appearance freshly broken carbide is a crystalline 
semi-metallic-looking solid. The fresh fracture is dark 
in colour, varying between brown and bluish-black, 
but is sometimes tinged with iridescent colours. 
When the surface has been exposed to the air, how- 
ever, it becomes covered with a coating of lime which 
gives it a grey or whitish appearance. 

Carbide may be easily identified by plunging a small 
sample into water, and applying a match to the surface. 
If copious bubbles of gas rise in the water and are 
ignited on contact with the flame, and if a white 
powder is left at the bottom of the water, the sample 
may be pronounced to be carbide of calcium. 

Acetylene gas has a disagreeable smell resembling 
that of garlic ; and to any one familiar with this smell 
carbide, which is exposed to the air, can be readily 
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identified without submitting it to the above test. 
The disagreeable odour is due to phosphoretted hydro- 
gen, an impurity which is always present in acetylene 
made from commercial carbide. Perfectly pure acety- 
lene has a rather pleasant etherial odour. The evil 
smell of the commercially formed gas is not altogether 
a disadvantage, inasmuch as it enables a leakage to be 
detected with even greater readiness than in the case 
of coal-gas. 

Freed from impurities, acetylene is not a poisonous 
gas, though of course if air containing a very large 
percentage were breathed for any length of time, 
suffocation would ensue. Good commercial carbide 
will give about five cubic feet of acetylene per pound 
under suitable conditions of generation, but it is seldom 
in actual practice that the amount reaches this figure. 
Acetylene has a specific gravity of about 0'9, and 
therefore differs but little in weight from air. Conse- 
quently it mixes readily with the atmosphere, and 
shows no tendency to flow like the heavier vapour of 
petroleum. 

Like all other inflammable gases and vapours, it 
tends to form an explosive mixture with the atmo- 
sphere. This mixture commences to be explosive when 
the proportion of acetylene reaches 3 per cent., and 
continues to be so under certain conditions until the 
proportion of gas is over 80 per cent. The maximum 
explosive force is reached when the proportion of gas 
to air is half and half. In this wide range of explosive 
capability, acetylene differs greatly from most inflam- 
mable gases, the reason being that it possesses explosive 
properties in itself without any admixture of air. 
When raised to a pressure of two atmospheres or even 
less, acetylene alone will, on the application of a light 
or spark, explode with very great violence. 

The* igniting temperature of acetylene in air is 
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896° F., which is somewhat below that of the visible 
red heat of iron, and is considerably lower than 
the igniting point of coal-gas or petroleum vapour. 
The temperature necessary to produce an explosion of 
compressed acetylene is, however, considerably higher, 
being about 1436° F. 

In the smaller percentage which is necessary to form 
an explosive mixture, and in the lower temperature of 
ignition, acetylene is somewhat more dangerous in case 
of leakage than coal-gas ; while, on the other hand, the 
very small size of the burner for the former gas allows 
it to escape much more slowly in the event of the flame 
being blown out or the burner being accidentally left 
turned on. 
illuminating The illuminating power of acetylene as compared 
power with coal-gas varies with the type of burner employed. 

In a suitable burner 5 cubic feet of acetylene per hour 
will give 240 candle-power, while the same quantity of 
coal-gas gives 16 candle-power. Acetylene is, however, 
generally burnt in much smaller burners, consuming 
from \ to 1 cubic foot per hour. Under these condi- 
tions the illuminating power of acetylene is from six 
times to ten times as great as that of coal-gas. 
Generators. It would be impossible, within the limits of this 
chapter, to give a detailed description of the numerous 
forms of acetylene generator which have been devised. 
The fact that it is only necessary to bring water into 
contact with carbide of calcium in order to generate 
the gas makes the designing of a generator apparently 
so simple a matter that many inventors have been 
tempted to devote their energies to the subject. The 
matter is really not so simple as it seems, and it is 
upon the many important details of design that the 
success, and even the safety, of the apparatus depend. 
In the report of the Committee on the Exhibition of 
Acetylene Generators at the Imperial Institute in 
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June 1898,* the various forms of apparatus are classified 
as follows : 

(1) Those in which the gas is generated by water being allowed to 

drip, or flow in a small stream, on to the top of the carbide. 

(2) Those in which water rises around the carbide. 

(3) Those in which the carbide falls into water. 

These are again subdivided into : 

Automatic. Non- Automatic. 
By automatic generators are Non-automatic generators are 
meant those which have a storage those in which a holder of suffi- 
capacity for gas less than the cient capacity is provided to re- 
total volume which the charge of ceive the whole of the gas made 
carbide is capable of generating, from the largest charge of carbide 
and which depend upon some which the apparatus is capable 
special contrivance for stopping of taking, 
contact between the water and 
carbide. 

This report gives a detailed description of the various 
forms of generator tested by the committee, together 
with much other useful information on the subject. 
Since it was written, many new forms of apparatus 
have been placed on the market, all of which, however, 
fall within the above-mentioned classification. 

Soon after the introduction of carbide of calcium as Legislation, 
an article of commerce into this country, it became 
evident that unless this substance were placed under 
some restrictions, serious accidents might arise. Not- 
withstanding the great difference between carbide and 
petroleum, it was recognised that the danger attending 
the storage of the two substances is much the same, 
since it arises from the liability of both to create an 
explosive atmosphere by giving off inflammable gas or 
vapour. 

* This report was issued by the Society of Arts, and may be 
obtained from William Trounce, 10 Gough Square, Fleet Street, 
London. 
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Consequently it was decided that the best method of 
dealing with the danger was to take advantage of the 
power provided in Section 1 4 of the Petroleum Act, 1871, 
of bringing other substances within the scope of that 
Act, and to subject carbide of calcium to such of the 
provisions of the Petroleum Acts as were applicable. 

An Order in Council to this effect was accordingly 
made on February 26, 1897. This Order will be found 
in Appendix XII. together with a subsequent Order in 
Council dated July 7, 1897, by which a quantity up to 
5 lbs., when kept in hermetically closed metal vessels 
containing not more than 1 lb., is exempted from the 
necessity of licence. 

It is not therefore lawful for any person to keep 
more than 5 lbs. of carbide of calcium, whether for 
sale or for use without a licence from the local autho- 
rity under the Petroleum Acts. The conditions to be 
Licences, attached to such licence rest entirely with the local 
authority, and will vary somewhat in different places ; 
but it is usual to attach such conditions as will afford 
protection not only in the storage, but also in the use 
of carbide on the licensed premises. The power to 
attach conditions in regard to the construction and 
position of the generator in which the carbide is to be 
used has not, as far as the authors are aware, ever been 
questioned ; and though there may be some doubt on 
the matter, it is probable that a Court of Law would 
hold that such conditions come within the wording of 
Section 9 of the Petroleum Act, 1871. Certainly these 
conditions do come within the wording of that section 
if it is held, as it very well may be, that carbide, even 
when in the generator, is being " kept " on the premises 
until the whole of it has been decomposed in the forma- 
tion of acetylene gas. 

In preparing licences for carbide of calcium, local 
authorities will probably be guided in some measure 
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by the forms adopted by the London County Council, 
who have had the advantage of the assistance of the 
Home Office and of competent scientific advisers in 
framing their regulations. 

The forms of licence adopted by this body, together 
with a memorandum issued by them, will be found in 
Appendix VI. 

In dealing with the dangers which have to be Precautions, 
guarded against in keeping carbide of calcium, it should 
be clearly understood that the material by itself is 
wholly inexplosive and incombustible, and is absolutely 
safe so long as no water or moisture can reach it. 

The carbide should be kept, therefore, in hermetically 
sealed metal vessels, which should be protected from 
the weather and stored in a dry place. As some gas 
may be formed from contact with the moisture of the 
atmosphere whenever the carbide vessels are opened 
or are not perfectly air-tight, it is desirable that the 
place of storage should be thoroughly ventilated, and 
that precautions should be taken to prevent the ignition 
of any gas which may be so formed. Thus a naked 
light * should never be brought into close proximity to 
an open vessel containing, or which has contained, 
carbide, nor should such light be used in any building 
where large quantities of carbide are stored. 

Another danger may arise in the case of a fire from 
some other cause, which may damage the carbide vessels. 
In attempting to extinguish the fire, water may then 
come in contact with the carbide, giving rise to a 
copious evolution of gas, which will add to the confla- 
gration, even if it does not cause a disastrous explosion. 
For this reason no large amount of carbide should be 
allowed to be stored in a shop or dwelling-house, or in 
any highly inflammable building ; and when a fire does 
occur in a large carbide store, the Fire Brigade should 
* See remarks on Safety Lamps (p. 159). 
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be warned not to attempt to extinguish it in the usual 
manner. 
Quantity. It has been usual in licences to require that carbide 

should be kept in vessels containing not more than 
112 lbs., but owing to the smaller size to which the 
material is now broken, the vessels originally designed 
to hold a hundredweight will now contain 140 lbs., and 
there is no special objection to the larger amount being 
allowed. 

With regard to the quantity to be kept on any one 
premises, it must be remembered that in the case of 
large stores the danger is measured, not by the quantity 
of carbide, but by the amount of water which can gain 
access to it at any one time. Consequently it is not 
usual to limit the amount of carbide which may be kept 
in a large store. In the special cases where licences 
are granted for the keeping of carbide in a shop or 
dwelling-house > the quantity should be strictly limited. * 
As some guide in fixing the limit, it should be remem- 
bered that as one pound of carbide will produce 5 cubic 
feet of gas, and as an atmosphere of acetylene and air 
commences to be explosive when the proportion of the 
former reaches 3 per cent., therefore 3 lbs. of carbide, if 
all converted into gas at once, would render a space of 
500 cubic feet explosive. 

It would be necessary, however, in order to convert 
the whole of the carbide into gas, that there should 
be nearly an equal weight of water in contact with 
the material. Where the evolution of gas is rapid, an 
explosive atmosphere may form in a portion of the 
space with a less quantity of gas than would be necessary 
to render the whole space capable of explosion. 
Safety of As already stated, it is usual where carbide of calcium 

generator. j g re quired for use on the premises to attach to the 
licence conditions in regard to the situation, construc- 
tion, and method of employment of the generator. 
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The apparatus should always be placed in a well- 
ventilated outbuilding or in the open air, and never in a 
shop or dwelling-house. No artificial light capable of 
igniting gas should ever be taken into, or near, the 
building in which the generator is erected. Strict 
rules should be enjoined to prevent the access of 
children or unauthorised persons to the generator or 
to the store of carbide, and no person should be given 
charge of the apparatus without being thoroughly 
instructed in its use. If the generator is fitted with 
a blow-off pipe, this should be carried up through the 
roof of the building, so as to discharge into the open 
air. 

As the residue from the generator is not always Residue, 
wholly expended, it is necessary that it should be 
immersed in at least ten times its bulk of water before 
being thrown into the drains, as otherwise dangerous 
accumulations of gas may take place in. the sewers. 

In regard to the construction of generators, local 
authorities, unless they have some competent expert 
adviser, will usually have considerable difficulty in 
laying down regulations, or in approving any par- 
ticular generator which it is proposed to erect on the 
premises of an applicant for a licence for carbide. 

As this has been a difficulty much felt throughout 
the country, a committee of experts was requested to 
consider the question, and to carry out tests of such 
generators as might be brought before them. It is 
anticipated that their report will be of the greatest 
value to local authorities in determining the safety or 
otherwise of any particular generator. This report 
is not yet issued. 

Another condition which it is usual to insert in Purity of 
licences is that no carbide should be kept which is carblde - 
not commercially pure. It was thought that if 
impurities were present in such amount as to develop 
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large percentages of phosphoretted or siliciuretted 
hydrogen, there would be a danger of spontaneous 
ignition of the acetylene generated. Experiments 
made by Professor Lewes, conjointly with one of the 
authors, have, however, shown that the percentage 
of these gases necessary to produce spontaneous 
ignition is so great that carbide which is dangerous 
from this cause would be altogether unfit for practical 
use. There would be little chance, therefore, of finding 
in the market carbide of such a dangerous degree of 
impurity. 

Harbour The power of harbour authorities to make by-laws 

y-aws. £ or p e ^ ro i eum gpipit applies equally to carbide of 
calcium. It is preferable that the by-laws made for 
the latter should be entirely distinct from those made 
for petroleum. To assist harbour authorities a Model 
Code has been prepared (see Appendix XIII.), which 
contains all the provisions necessary for ensuring public 
safety ; but this code is, of course, in no way 
binding. 

Compressed It has already been stated that acetylene when 
compressed is possessed of explosive properties by 
itself, that is, without the admixture of air. On the 
Continent more than one serious accident has occurred 
from the use of the compressed gas, and as it seemed 
likely that proposals would be made to use acetylene 
in this form in the United Kingdom, it was considered 
advisable to deal with the matter at the outset. 

Accordingly, after certain experiments had been 
made to confirm those of Continental chemists, it was 
decided to prohibit the compression of acetylene except 
when it can be shown that in admixture with any 
substance, or in any form or condition, it is free from 
explosive properties when compressed. This was done 
by an Order in Council, dated November 26, 1897, 
under the Explosives Act (see Appendix XIV.), which 



acetylene. 
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declares that, with the above exception, acetylene 
when liquid, or when compressed to a pressure exceed- 
ing the equivalent of 100 inches of water, shall be 
deemed to be an explosive under that Act, and shall 
be prohibited from being manufactured, imported, kept, 
conveyed or sold. 

Advantage has been taken of the exception, and it Exemptions. 
has been demonstrated by experiment to the satisfac- 
tion of the Secretary of State that a mixture of 
twenty parts of acetylene to eighty parts of oil-gas 
compressed to a pressure of 150 lbs. to the square inch, 
is free from explosive properties. An Order of 
Secretary of State, dated March 28, 1898, was accord- 
ingly made exempting this mixture from being deemed 
to be an explosive, and consequently from prohibition. 
(See Appendix XIV.) 

Successful experiments have also been carried out 
in the presence of one of the authors to show that 
acetylene, when compressed into porous material, both 
with and without acetone, is free from danger of 
explosion under ordinary conditions. An Order of 
Secretary of State has accordingly been made exempt- 
ing the gas when compressed under these conditions 
from being deemed to be an explosive. (See Appen- 
dix XIV.) 

The capacity of the liquid, acetone, for absorbing 
acetylene is very remarkable. At a pressure of ten 
atmospheres one volume of acetone will absorb about 
250 volumes of acetylene. 

A similar Order in Council under the Explosives Act Acetylene 
dated May 15, 1900, has been made, prohibiting the ™J XC wlt 
use of acetylene in admixture with air. (See Appen- 
dix XIV.) It was proposed to obtain a better combustion 
of the gas by mixing it with a certain proportion of 
air in the pipes, and one installation on this principle 
was erected in this country. This proposal has been 
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Accidents. 



Other uses 
of carbide 
and 
acetylene. 



experimented with in America and resulted in several 
accidents. It was in order to prevent a repetition of 
such accidents in this country that the prohibition 
has been issued. When it is remembered that the 
most powerfully explosive mixture of acetylene and 
air is formed when the proportion of the former is 
50 per cent., and that even when 80 per cent, is 
present the mixture can be exploded, it will be seen 
that no addition of air which would be of value in 
assisting combustion can be safely employed. 

The Order in Council expressly states that the 
prohibition does not extend to a mixture of gas and 
air formed in the burner or contrivance for consuming 
the gas, as, for instance, in a Bunsen burner, or in a 
gas engine ; nor to a mixture which occurs in a well- 
designed generator when first used or re-charged ; and 
therefore prosecutions under the Order should only be 
instituted in cases where mixtures of gas and air are 
deliberately made throughout an acetylene installation, 
or where a generator is so badly designed as to allow 
such a mixture to be formed to a dangerous extent. 

Owing probably to the restraining influence of 
legislation on the subject, accidents with acetylene in 
this country have not been numerous, though the gas 
is now being used to a large and rapidly increasing 
extent. Those accidents which have occurred have 
all been due to culpable carelessness in connection 
with generators. In nearly every case it is believed 
that the cause was the bringing of a naked light in 
close proximity to a generator under examination or 
repair. 

At present the use of carbide of calcium in the 
United Kingdom is confined entirely to the produc- 
tion of acetylene for illuminating purposes, but other 
applications likely to become of importance have been 
initiated in Germany. These are as follows : — 
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The production of metals from their ores. By 
mixture with carbide and subsequent exposure to 
gentle heat, the ores of copper and lead can be readily 
reduced, but whether the method is an economical 
one or not can only be shown by experience. 

Carbide can also be used for the production of steel 
and for the surface hardening of armour plates. Lamp- 
black is now being manufactured from acetylene in 
Germany with considerable success, the product being 
of exceedingly good quality. 

It is probable also that the use of acetylene for gas- 
engines will obtain considerable importance, while the 
facility with which the gas can be converted into 
various organic substances may lead to important 
industries in the synthetical production of such sub- 
stances on a commercial scale. 

For further information on the subject of carbide of 
calcium and acetylene, the reader should refer to 
Professor Vivian Lewes' Acetylene. 
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IMPORTS OP PETROLEUM INTO THE UNITED KINGDOM 
DURING THE YEAR ENDED DECEMBER 31, 1900. 

(Stated in Barrels of 41 gallons each.) 
AMERICAN. 



Port. 


Ordinary 
Kerosene. 


Water- 
White 
Kerosene. 


Total 
Kerosene. 


Gas Oil. 


London 
Liverpool 
Manchester . 
Avonmouth . 
Hull . 
South Shields 
Sunderland 
Cardiff . 
Plymouth 
Southampton 
Swansea 
Dublin . 
Belfast . 


795,690 

274,680 

104,880 

316,270 

282,980 

97,800 

50,750 

28,020 

92,880 

22,010 

164,750 
97,340 


206,810 
71,870 
100 
20,100 
26,000 
12,620 

2,160 

5,290 
6,950 


1,002,500 

846,450 

104,980 

336,370 

258,980 

110,420 

50,750 

23,020 

95,040 

22,010 

170,040 
104,290 


164,840 
86,130 
72,260 
42,150 

26,320 
6,550 


2,272,950 

1 


351,900 


2,624,850 


897,750 
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Port 


Ordinary 
Kerosene. 


High Test 
Kerosene. 


Total 
Kerosene. 


Solar Oil 
Distillate. 


London . 
Liverpool 
Manchester . 
HuU . 
South Shields 
Cardiff . 
Barrow . 
Southampton 
Dublin . 
Belfast . 


492,290 
73,620 

306,380 
32,510 
55,160 
71,530 
17,000 
6,110 
11,250 
94,730 


106,560 
77,420 


598,850 
73,620 

388,800 
32,510 
55,160 
71,530 
17,000 
6,110 
11,250 
94,780 

1,344,560 


355,810 
22,800 
57,230 

40,520 
87,320 


1,160,580 


188,980 


513,680 



IMPORTS OF PETROLEUM INTO THE UNITED KINGDOM 
DURING THE YEAR ENDED DECEMBER 31, 1899. 

(Stated in Barrels of 41 gallons each.) 
AMERICAN. 



Port. 


Ordinary 
Kerosene. 


Water- 
White 
Kerosene. 


Total 
Kerosene. 


Gas Oil. 


London . 
Liverpool 
Manchester . 
Avonmouth . 
Hull 

South Shields 
Sunderland . 
Cardiff . 
Plymouth 
Southampton . 
Barrow . 
Dublin . 
Belfast . 
Waterford 


863,260 

285,620 

90,360 

308,330 

247,730 

120,720 

75,580 

22,790 

66,140 

45,560 

50,370 

143,670 

76,710 

- 3,870 

2,390,710 


211,460 
62,150 

18,040 
29,060 
14,520 

8,070 

2,950 

11,220 

80 


1,074,720 

347,770 

90,860 

326,370 

276,790 

185,240 

65,580 

22,790 

69,210 

45 560 

50,370 

146,620 

87,930 

3,950 


180,970 
62,280 
65,160 
16,560 

26,380 

9,120 

43,020 


352,550 


2,743,260 


403,490 
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RUSSIAN. 



Port. 


Ordinary 
Kerosene. 


High Test 
Kerosene. 


Total 
Kerosene. 


Solar Oil 
Distillate. 


London . 
Liverpool . 
Manchester 
Hull 

South Shields 
Cardiff' . 
Barrow . 
Belfast . 
Swansea . 




471,510 
89,520 

266,830 
16,080 
87,650 
34,150 
6,200 
76,120 


126,240 

7,380 

102,830 


597,750 
9<*,900 

369,660 
16,080 
37,650 
84,150 
6,200 
76,120 


127,660 
57,610 

13,940 
5,640 






998,060 


236,450 


1,234,510 


204,850 



IMPORTS OF PETROLEUM SPIRIT IN BARRELS INTO 
THE UNITED KINGDOM DURING THE YEAR 1900. 



Description. 


Ports. 


London. 


Liverpool. 


Bristol. 


Dublin. 




Ordinary and deo-^ 
dorised spirit J 

76° Gasoline (Sp.\ 
Gr. -680) . / 

Benzine . 

Motor-car spirit 

Stove spirit . 


Barrels. 
35,807 

15,625 

2,750 

2,000 

50 


Barrels. 
52,500 

2,000 

6,100 

1,750 

100 


Barrels. 
8,050 

600 
700 

9,350 


Barrels. 
698 

698 


Total 
Barrels. 

97,055 

18,225 

9,550 

8,750 

150 


56,232 


62,450 


128,730 
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IMPORTS IN CASES. 

(Each case containing two 4-gallon tins). 





London. 


Liverpool. 


Bristol. 




Gasoline 


Cases. 
2,000 


Cases. 
5,000 


Cases. 
2,250 


Total 
Cases. 

9,250 



IMPORTS OF PETROLEUM SPIRIT IN BARRELS INTO 
THE UNITED KINGDOM DURING THE YEAR 1899. 



Description. 


Ports. 


London. 


Liverpool. 


Bristol. 


Hull. 




Ordinary and deo- \ 
dorised spirit / 

76° Gasoline (Sp.) 
Gr. -680) / 

Benzine 

Motor-car spirit 


Barrels. 
42,538 

21,084 

1,600 
250 


Barrels. 
34,095 

4,350 
7,500 


Barrels. 
14,388 

1,650 
1,350 


Barrels. 
4,424 

700 

5,124 


Total 
Barrels. 

95,445 

27,784 

10,450 
250 


65,472 


45,945 


17,388 


133,929 



IMPORTS IN CASES. 
(Each case containing two 4-gallon tins.) 





London. 


Liverpool. 


Bristol. 


Hull. 




Gasoline 

1 * 


Cases. 
4,000 


Cases. 
8,000 


Cases. 
2,250 


Cases. 
100 


Total 
Cases. 

14,350 
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PETROLEUM ACT, 1871, AS AMENDED. 



An Act for the safe keeping of Petro- 
leum and other substances of a like 
nature. [August 21, 1871.] 

1. This Act may be cited as "The 
Petroleum Act, 1871." 

2. In this Act, if not inconsistent 
with the context, the following terms 
have the meanings hereinafter assigned 
to them ; (that is to say), 

The term " borough " means — 

In England any place for the time 
being subject to the provisions of the 
Municipal Corporation Act, 1882, and 
the Acts amending the same ; 

In Scotland any royal burgh and 
any burgh or town returning or con- 
tributing to return a member or mem- 
bers to serve in Parliament ; 

In Ireland any place for the time 
being subject to the provisions of the 
Act of the session of the third and 
fourth years of the reign of Queen 
Victoria, chapter one hundred and 
eight, " for the regulation of municipal 
corporations in Ireland, and the Acts 
amending the same : " 

The term " person ° includes a body 
corporate ; 

The term "Secretary of State" means 
one of His Majesty's Principal Secre- 
taries of State : 

The term "harbour" means any 



Remarks. 



Sect. 1, 1871. Short 
title of Act. 

Sect. 2, 1871. Inter- 
pretation of certain terms 
in the Act. 
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Remarks. 



harbour properly so called, whether 
natural or artificial, and any port, 
haven, estuary, tidal river or other 
river, canal or inland navigation navi- 
gated by sea-going ships, and any 
dock, pier ^ jetty) or other works in or 
at which ships do or can ship or 
unship goods or passengers : 

The term "harbour authority" in- 
cludes any persons or person being or 
claiming to be proprietors or proprietor 
of or intrusted with the duty or 
invested with the power of improving, 
maintaining, or managing any har- 
bour: 

The term "ship" includes every 
description of vessel used in navigation, 
whether propelled by oars or otherwise : 
The term " Court of Summary Juris- 
diction " means and includes any jus- 
tice or justices of the peace, sheriff or 
sheriff substitute, metropolitan police 
magistrate, stipendiary or other magis- 
trate, or officer, by whatever name 
called, to whom jurisdiction is given 
by the Summary Jurisdiction Acts or 
any Acts therein referred to, or to 
proceedings before whom the provisions 
of the Summary Jurisdiction Acts are 
or may be made applicable : 

The term "-county rate" means as 
regards Scotland the county general 
assessment leviable in pursuance of 
"The County General Assessment (Scot- 
land) Act, 1868," and as regards Ire- 
land the grand jury cess. 

8. For the purposes of this Act the 
term "petroleum" includes any rock 
oil, Rangoon oil, Burmah oil, oil made 
from petroleum, coal, schist, shale, 
peat, or other bituminous substance, 
and any products of petroleum, or any 



c^ U j*t^- 



Sect 8, 1871. It will 
be seen that the general 
definition of "petroleum" 
includes not only the whole 
class of mineral oils (see 
chap, i.), but also "any 
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of the above-mentioned oils ; and the 
term " petroleum to which this Act 
applies/' means such of the petroleum 
so denned as, when tested in manner 
set forth in Schedule One to this Act, 
gives off an imflammable vapour at a 
temperature of less than seventy-three 
degrees of Fahrenheit's thermometer. 



A model of the apparatus for testing 
petroleum, as described in Schedule 
One to this Act, shall be deposited 



Remarks. 
products of petroleum." 
The definition would there- 
fore include such solid sub- 
stances as paraffin wax, 
and might even be held to 
cover other solid or liquid 
substances which are pro- 
duced less directly from 
petroleum, coal-tar, Ac., 
and which may not even 
be inflammable. 

The definition is however 
narrowed down by the pro- 
vision that the Act shall 
only apply to such of these 
substances as have a flash- 
point below 73° Fahr. 
(see chap, v.) The pre- 
scribed method of deter- 
mining the flash-point will 
be found in the Schedule 
below. 

It has been decided by 
the King's Bench in the 
case of London County 
Council v. Holtzapf els Com- 
positions Company, Limi- 
ted, that the Act applies 
not only to petroleum by 
itself, but also to mixtures 
of petroleum with other 
substances, whenever such 
mixtures have a flash-point 
below 73° Fahr. India- 
rubber solution and certain 
quick-drying paints made 
with petroleum spirit, come 
therefore within the opera- 
tion of the Act. 

Sect. 3, 1879. This Sec- 
tion provides for the veri- 
fication of the testing in- 
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with the Board of Trade, and the 
Board of Trade shall, on payment of 
such fee, not exceeding five shillings, 
as they from time to time prescribe, 
cause to be compared with such model 
and verified every apparatus construc- 
ted in accordance with Schedule One 
to this Act which is submitted to 
them for the purpose, and if the same 
is found correct shall stamp the same 
with a mark approved of by the Board 
and notified in the London Gazette. 

An apparatus for testing petroleum 
purporting to be stamped with the 
said mark shall, until the contrary is 
proved, be deemed to have been verified 
by the Board of Trade. 

All fees under this section shall be 
paid into the Exchequer. 

4. Every harbour authority shall 
frame and submit for confirmation to 
the Board of Trade by-laws for regu- 
lating the place or places at which 
ships carrying petroleum to which this 
Act applies are to be moored in the 
harbour over which such authority has 
jurisdiction, and are to land their 
cargo, and for regulating the time and 
mode of, and the precautions to be 
taken on, such landing. The harbour 
authority shall publish the by-laws so 
framed with a notice of the intention 
of such authority to apply for the 
confirmation thereof. The Board of 
Trade may confirm such by-laws with 
or without any omission, addition, or 
alteration, or may disallow the same. 

Every such by-law when confirmed 
shall be published by the harbour 
authority, and may be from time to 
time altered or repealed by a by-law 
made in like manner. By-laws under 



Remarks. 
strument Regulations for 
such verification, issued by 
the Standards Department 
of the Board of Trade, will 
be found in Appendix VJI. 



Sect. 4, 1871. Harbour 
authorities may, with the 
sanction of the Board of 
Trade, make by-laws under 
this Section regulating the 
following matters : 

(1) Places where 
carrying petroleum 
are to be moored. 

(2) Places where 
ships are to land 
cargo. 

(3) Time and mode 
such landing. 

(4) Precautions to be 
taken in such landing. 

It will be seen that there is 
no power to make by-laws 
prohibiting the bringing of 
petroleum into the har- 
bour; nor is there power 
to regulate the shipping of 
petroleum, though this is 
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this section shall he published in such 
manner as the Board of Trade may 
from time to time direct. 

If at any time it appears to the 
Board of Trade that there is no by-law 
for the time being in force under this 
section in any harbour the Board of 
Trade may, by notice, require the 
harbour authority of such harbour to 
frame and submit to them a by-law 
for the purposes of this section, and if 
such harbour authority make default 
in framing a by-law and obtaining the 
confirmation thereof within the time 
limited by such notice the Board of 
Trade may make a by-law for the pur- 
poses of this section, and such by-law 
shall have the same effect as if it had 
been framed by the harbour authority 
and confirmed by the Board of Trade. 

Where any ship or cargo is moored, 
landed, or otherwise dealt with in con- 
travention of any by-law for the time 
being in force under this Act in any 
harbour, the owner and master of 
such ship, or the owner of such 
cargo, as the case may be, shall each 
incur a penalty not exceeding fifty 
pounds for each day during which such 
contravention continues, and it shall 
be lawful for the harbour-master or 
any other person acting under the 
orders of the harbour authority of 
such harbour to cause such ship or 
cargo to be removed, at the expense of 
the owner thereof, to such place as may 
be in conformity with the said by-law, 
and all expenses incurred in such re- 
moval may be recovered in the same 
manner in which penalties are by this 
Act made recoverable. 

5. The owner or master of every 



Remarks. 
regulated to some extent 
by laying down the place 
where ships carrying petro- 
leum are to be moored. 

It is desirable that sepa- 
rate by-laws should be 
made for carbide of calcium. 

In Appendix V. will be 
found a Model Code of 
harbour by-laws for petro- 
leum, and in Appendix 
XIII. a similar code for 
carbide of calcium. These 
Model Codes have been pre- 
pared by the Home Office 
for the assistance of har- 
bour authorities, but they 
are in no way binding, and 
are subject to any modifi- 
cations or additions which 
may be rendered necessary 
by local requirements. 



Sect 5, 1871. It should 
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ship carrying a cargo any part of which 
consists of petroleum to which this 
Act applies, on entering any harbour 
within the United Kingdom, shall give 
notice of such cargo to the harbour 
authority having jurisdiction over such 
harbour. 

If such notice is not given the owner 
and master of such ship shall each incur 
a penalty not exceeding the sum of 
five hundred pounds, unless it is shown 
to the satisfaction of the court before 
which the case is tried that neither the 
owner nor the master knew the nature 
of the goods to which the proceedings 
relate, nor could with reasonable dili- 
gence have obtained such knowledge. 

6. Where any petroleum to which 
this Act applies — 

(a) Is kept at any place except 

during the seven days next 
after it has been imported ; or, 

(b) Is sent or conveyed by land or 

water between any two places 
in the United Kingdom ; or, 

(c) Is sold or exposed for sale ; 

the vessel containing such petroleum 
shall have attached thereto a label in 
conspicuous characters, stating the 
description of the petroleum, with the 
addition of the words " highly inflam- 
mable/ 1 and with the addition — 

(a) In the case of a vessel kept, of 

the name and address of the 
consignee or owner : 

(b) In the case of a vessel sent or 

conveyed, of the name and ad- 
dress of the sender : 

(c) In the case of a vessel sold or 

exposed for sale, of the name 
and address of the vendor. 
All petroleum to which this Act 



Remarks. 
be noted that in cases where 
petroleum or carbide of 
calcium is shipped on a 
vessel without the know- 
ledge of the owner or mas- 
ter, the exemption from 
penalty can only be claimed 
if it is shown that such 
knowledge could not, with 
reasonable diligence, have 
been obtained. 



Sect 6, 1871. In the 
case of carbide of calcium 
the following marking is 
substituted : 

"CARBIDE of CAL- 
CIUM. DANGEROUS if 
not kept DRY." "The 
contents of this package 
are liable if brought into 
contact with moisture to 
give off a highly inflam- 
mable gas." 

The requirements as to 
the package bearing the 
name and address of the 
owner, sender, or vendor, 
are the same as for petro- 
leum. 
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applies which is kept, sent, conveyed, 
sold, or exposed for sale, in contraven- 
tion of this section, shall, together with 
the vessel containing the same, be 
forfeited, and in addition thereto the 
person keeping, sending, selling, or ex- 
posing for sale the same shall for each 
offence be liable to a penalty not ex- 
ceeding five pounds. 

7. Save as hereinafter mentioned, 
after the passing of this Act, petroleum 
to which this Act applies shall not be 
kept, except in pursuance of a licence 
given by such local authority as is in 
this Act mentioned. 

All petroleum kept in contravention 
of this section shall, together with the 
vessel containing the same, be forfeited, 
and in addition thereto the occupier of 
the place in which such petroleum is 
so kept shall be liable to a penalty not 
exceeding twenty pounds a day for 
each day during which such petroleum 
is so kept. 

This section shall not apply to any 
petroleum kept either for private use 
or for sale, provided the following con- 
ditions are complied with : 

(1) That it is kept in separate glass, 
earthenware, or metal vessels, each of 
which contains not more than a pint, 
and is securely stopped : 

(2) That the aggregate amount kept, 
supposing the whole contents of the 
vessels to be in bulk, does not exceed 
three gallons. 

8. The following bodies shall re- 
spectively be the local authority to 
grant licences under this Act in the 
districts hereinafter mentioned ; (that 
is to say), 

(1) In the City of London, except as 



Sect. 7, 1871. This sec- 
tion applies to keeping for 
private use or for manu- 
facture, as well as for sale ; 
but persons keeping petro- 
leum spirit for use in motor- 
cars are exempted from 
the necessity of licence, so 
long as they conform to 
the Regulations which will 
be found in Appendix IX. 

A licence is not required 
for a carriage in which 
petroleum is hawked. (See 
Petroleum Act, 1881, be- 
low.) 



Sect. 8, 1871. By the 
Local Government Acts, 
the local authorities for 
petroleum have been al- 
tered as regards England 
and Wales. 
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hereafter in this section mentioned, the 
Court of the Lord Mayor and aldermen 
of the said city : 

(2) In the County of London, except 
the City of London, and except as here- 
after in this section mentioned, the 
County Council of London. 

(3) In any borough in England or 
Ireland, except as hereafter in this 
section mentioned, the mayor, alder- 
men, and burgesses acting by the 
council : 

(4) (Repealed) 

(5) (Repealed) 

(6) In any borough in Scotland, 
except as hereafter in this section men- 
tioned, the town council : 

(7) In any place in Scotland, except 
as hereafter in this section mentioned, 
within the jurisdiction of police com- 
missioners or trustees exercising the 
functions of police commissioners under 
any general or local Act, and not being 
a borough or comprising any part of a 
borough, the police commissioners or 
trustees: 

(8) In any harbour within the juris- 
diction of a harbour authority, whether 
situate or not within the jurisdiction of 
any local authority before in this section 
mentioned, the harbour authority, to the 
exclusion of any other local authority : 

(9) In any place in which there is 
no local authority as before in this 
section defined, in England the District 
Council, in Ireland the justices in 
petty sessions assembled, and in Scot- 
land any two or more justices of the 
peace for the county sitting as judges 
in the justice of peace court. 

9- Licences in pursuance of this Act 
shall be valid if signed by two or more 



Remarks. 

They may now be sum- 
marised as follows : 

In the City of London 
or any borough — the Cor- 
poration. 

In the County of London 
— the London County 
Council. 

In any harbour — the 
Harbour Authority. 

In any other place — the 
District Council. 

The local authority in 
Scotland and Ireland re- 
mains as in the Act. 



Sect. 9, 1871. The con- 
ditions which may be at- 



HANDBOOK ON PETROLEUM. 



of the persons constituting the local 
authority, or executed in any other 
way in which other licences, if any, 
granted by such authority are executed. 
Licences may be granted for a limited 
time and may be subject to renewal or 
not in such manner as the local au- 
thority think necessary. 

There may be annexed to any such 
licence such conditions as to the mode 
of storage, the nature and situation of 
the premises in which, and the nature 
of the goods with which petroleum to 
which this Act applies is to be stored, 
the facilities for the testing of such 
petroleum from time to time, the mode 
of carrying such petroleum within the 
district of the licensing authority, and 
generally as to the safe keeping of such 
petroleum as may seem expedient to 
the local authority. 

Any licensee violating any of the 
conditions of his. licence shall be deemed 
to be an unlicensed person. There may 
be charged in respect of each licence 
granted in pursuance of this Act such 
sum, not exceeding five shillings, as 
the local authority may think fit to 
charge. 



Remarks. 
tached to a licence are as 
to: 

(1) Mode of storage. 

(2) Nature and situation 
of the premises. 

(3) Nature of the goods 
with which the petroleum 
may be stored. 

(4) Facilities for testing. 

(5) Mode of carrying 
petroleum within the dis- 
trict of the licensing au- 
thority. 

(6) General safe keeping 
of the petroleum. 

These powers are much 
wider than in the case of 
harbour by-laws, and would 
cover almost any condition 
which the local authority 
may consider necessary for 
safety. 

Forms of licence as used 
by the London County 
Council will be found in 
Appendix VI. 

Before a licence is gran- 
ted, the officer of the local 
authority should inspect 
the premises, and ascertain 
whether the place is suit- 
able. For the precautions 
to be taken generally, and 
for remarks as to the suit- 
ability of places for keeping 
petroleum, see chap. ix. 

In the case of petroleum 
or carbide of calcium for 
private use or for manu- 
facturing purposes, a term 
should be added to the 
licence to the effect that 
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10. If on any application for a licence 
under this Act the local authority refuse 
the licence, or grant the same only on 
conditions with which the applicant is 
dissatisfied, the local authority shall, if 
required by the applicant, deliver to 
him in writing under the hand or hands 
of one or more of the persons constitut- 
ing the local authority, a certificate of 
the grounds on which they refused the 
licence or annexed conditions to the 
grant thereof. 

The applicant within ten days from 
the time of the delivery of the certificate 
may transmit the same to a Secretary 
of State if the application is for a 
licence in England, to the Secretary for 
Scotland if the application is for a licence 
in Scotland, and to the Lord-lieutenant 
if the application is for a licence in 
Ireland, together with a memorial, 
praying that notwithstanding such re- 
fusal the licence may be granted, or 
that the conditions may not be imposed, 
or may be altered or modified in such 
manner and to such extent as may be 
set forth in such memorial. 

It shall be lawful for the Secretary 
of State, the Secretary for Scotland, or 
the Lord-lieutenant, if he think fit, 
on consideration of such memorial and 
certificate, and, if he think it necessary 
or desirable, after due inquiry and a 
report by such person as he may appoint 
for that purpose, to grant the licence 
prayed for, either absolutely or with 
such conditions as he thinks fit, or to 
alter or modify the conditions imposed 
by the local authority ; and the licence 



Remarks. 
the officer of the local au- 
thority must be given free 
access to the premises. 

Sect. 10, 1871. This 
section provides for appeal 
in the case of a licence 
being refused by the local 
authority, or of the appli- 
cant being dissatisfied with 
the conditions imposed. In 
England the appeal must 
be made to the Home Secre- 
tary; in Ireland to the 
Lord-Lieutenant; and in 
Scotland to the Secretary 
for Scotland. (Secretary 
for Scotland Acts.) 

Any person making an 
appeal should first obtain 
the certificate required by 
the first paragraph of the 
section. 
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so granted, or altered and modified, as 
the case may be, when certified under 
the hand of a Secretary of State, the 
Secretary for Scotland, or the Lord- 
Lieutenant, shall be to all intents as 
valid as if granted by the local 
authority. 

11. Any officer authorised by the 
local authority may purchase any petro- 
leum from any dealer in it, or may, on 
producing a copy of his appointment, 
purporting to be certified by the clerk 
or some member of the local authority, 
or producing some other sufficient 
authority, require the dealer to show 
him every or any place, and all or any 
of the vessels in which any petroleum 
in his possession is kept, and to give 
him samples of such petroleum on pay- 
ment of the value of such samples. 

When the officer has by either of the 
means aforesaid taken samples of petro- 
leum, he may declare in writing to the 
dealer that he is about to test the same, 
or cause the same to be tested, in 
manner set forth in Schedule One to 
this Act, and it shall be lawful for him 
to test the same or cause the same to 
be tested, at any convenient place at 
such reasonable time as he may appoint, 
and the dealer or any person appointed 
by him may be present at the testing, 
and if it appear to the officer or other 
person so testing that the petroleum 
from which such samples have been 
taken is petroleum to which this Act 
applies, such officer or other person may 
certify such fact, and the certificate so 
given shall be receivable as evidence in 
any proceedings that may be taken 
against a dealer in petroleum in pursu- 
ance of this Act ; but it shall be lawful 



Sect. 11, 1871. This 
section gives a right of 
purchasing samples, and of 
inspection of any premises 
on which petroleum, whe- 
ther spirit or oil, is kept for 
sale; but does not give a 
right of entry into a place 
where petroleum is kept 
for private use or for pur- 
poses of manufacture. 

The officer appointed by 
the local authority can 
only claim a right of entry 
into private premises or 
factories where he believes 
that petroleum spirit is 
kept, under a warrant as 
provided by Section 13, 
unless the place is licensed, 
and there is a term in the 
licence requiring the occu- 
pier to allow him free 
access. 
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for a dealer proceeded against to give 
evidence in proof that such certificate 
is incorrect, and thereupon the court 
before which any such proceedings may 
be taken may, if such court think fit, 
appoint some person skilled in testing 
petroleum to examine the samples to 
which such certificate relates, and to 
declare whether such certificate is correct 
or incorrect. 

Any expenses incurred in testing 
any petroleum of such dealer in pursu- 
ance of this section shall, if such dealer 
be convicted of keeping, sending, convey- 
ing, selling, or exposing for sale, petro- 
leum in contravention of this Act, be 
deemed to be a portion of the costs of 
the proceedings against him, and shall 
be paid by him accordingly. In any 
other event such expenses shall be paid 
by the local authority out of any funds 
for the time being in their hands, and 
in case the local authority are the 
justices, out of the county rate. 

1 2. Any dealer who refuses to show 
to any officer authorised by the local 
authority every or any place or all or 
any of the vessels in which petroleum 
in his possession is kept, or to give him 
such assistance as he may require for 
examining the same, or to give to such 
officer samples of such petroleum on 
payment of the value of such samples, 
or who wilfully obstructs the local 
authority, or any officer of the local 
authority, in the execution of this Act, 
shall incur a penalty not exceeding 
twenty pounds. 

13. Where any court of summary 
jurisdiction is satisfied by information 
on oath that there is reasonable ground 
to believe that any petroleum to which 



Sect. 12, 1871. This 
section only applies to 
dealers, i.e., persons who 
keep petroleum for sale. 
(See remarks on preceding 
section.) 



Sect. 18, 1871. This 
section provides for entry 
and search for petroleum 
kept otherwise than for 
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this Act applies is being kept, sent, sale. (See remarks on Sec- 
conveyed, or exposed for sale within tion 11.) 
the jurisdiction of such court in con- 
travention of this Act, at any place, 
whether a building or not, or in any 
ship or vehicle, such court shall grant a 
warrant by virtue whereof it shall be 
lawful for any person named in such 
warrant to enter the place, ship, or 
vehicle named in such warrant, and 
every part thereof, and examine the 
same and search for petroleum therein, 
and take samples of any petroleum 
found therein, and if any petroleum to 
which this Act applies be found therein, 
which is kept, sent, conveyed, or ex- 
posed for sale, in contravention of this 
Act, to seize and remove such petro- 
leum, and the vessel containing the 
same, and to detain such petroleum 
and vessel until some court of summary 
jurisdiction has determined whether the 
same are or are not forfeited, the pro- 
ceedings for which forfeiture shall be 
commenced forthwith after the seizure. 

Any person seizing any petroleum 
to which this Act applies in pursuance 
of this section shall not be liable to 
any suit for detaining the same, or for 
any loss or damage incurred in respect 
of such petroleum, otherwise than by 
any wilful act or neglect while the same 
is so detained. 

If any petroleum to which this Act 
applies is seized in pursuance of this sec- 
tion in any ship or vehicle, the person 
seizing the same may use for the purposes 
of the removal thereof, during twenty- 
four hours after the seizure, the said ship 
or vehicle, with the tackle, beasts, and 
accoutrements belonging thereto, and 
if he do so shall pay to the owner - 
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thereof a reasonable recompense for 
the use thereof, and the amount of 
such recompense shall, in case of dis- 
pute, be settled by the court of summary 
jurisdiction before whom proceedings 
for the forfeiture are taken, and may 
be recovered in like manner as penalties 
under this Act may be recovered. 

Any person who, by himself or by 
any one in his employ or acting by his 
direction or with his consent, refuses 
or fails to admit into any place occu- 
pied by or under the control of such 
person, any person demanding to enter 
in pursuance of this section, or in any 
way obstructs or prevents any person 
in or from making any such search, 
examination, or seizure, or taking any 
such samples as authorised by this sec- 
tion, shall be liable to pay a penalty 
not exceeding twenty pounds, and to 
forfeit all petroleum to which this Act 
applies which is found in his possession 
or under his control. 

14. His Majesty may from time to 
time make, revoke, and vary Orders 
in Council directing this Act or any 
part thereof to apply to any substance, 
and this Act, or the part thereof speci- 
fied in the Order shall, during the 
continuance of the Order, apply to such 
substance, and shall be construed and 
have effect as if throughout it such 
substance had been included in the 
definition of petroleum to which this 
Act applies, subject to the following 
qualifications : 

(1) The quantity of any substance 
to which this Act is directed by Order 
in Council to apply, which may be kept 
without a licence, shall be such quantity 
only as is specified in that behalf in 



Sect. 14, 1871. The only 
substance brought under 
the operation of the Act 
by this section is carbide 
of calcium. The Orders in 
Council will be found in 
Appendix XII. 
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such order, or if no such quantity is 
specified no quantity may be kept 
without a licence : 

(2) The label on the vessel containing 
such substance shall be such as may be 
specified in that behalf in the order. 

15* In England and Ireland all 
offences and penalties under this Act, 
and all money and costs directed by 
this Act to be recovered as penalties, 
may be prosecuted and recovered in 
manner provided by the Summary 
Jurisdiction Acts. 

In Scotland all offences and penalties 
under this Act, and all money and 
expenses by this Act directed to be 
recovered as penalties, shall, save as 
hereinafter provided, be prosecuted 
and recovered at the instance of the 
procurator fiscal or of any officer autho- 
rised in that behalf by the harbour 
authority or local authority under the 
provisions of the Summary Jurisdiction 
Acts before a court of summary juris- 
diction, and all necessary powers and 
jurisdictions are hereby conferred on 
such court in Scotland. 

Provided as follows : 

(1) A court of summary jurisdiction 
shall not impose a penalty exceeding 
fifty pounds, but any such court may 
impose that or any less penalty for any 
one offence, notwithstanding the offence 
involves a penalty of higher amount. 

(2) In Scotland any penalty exceed- 
ing fifty pounds shall be recovered and 
enforced in the same manner in which 
any penalty due to His Majesty under 
any Act of Parliament maybe recovered 
and enforced. 

(8) The "Court of Summary Juris- 
diction/' when bearing and determining 



Sect. 15, 1871. This 
section deals with proceed- 
ings for offences and penal- 
ties. 
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an information or complaint, shall be 
constituted in some one of the following 
manners ; (that is to say), 

(a) In England, either of two or 
more justices of the peace in 
petty sessions sitting at a place 
appointed for holding petty ses- 
sions, or of one of the magistrates 
hereinafter mentioned, sitting 
alone or with others at some 
court or other place appointed 
for the administration of justice ; 
that is to say, the Lord Mayor, 
or any alderman of the City of 
London, a metropolitan police 
magistrate, a stipendiary magis- 
trate, or some other officer or 
officers for the time being em- 
powered by law to do alone or 
with others any act authorised 
to be done by more than one 
justice of the peace ; 
(6) In Scotland, of two or more 
justices of the peace sitting as 
judges in a justice of the peace 
court, or of one of the magis- 
trates hereinafter mentioned 
sitting alone or with others at 
some court or other place ap- 
pointed for the administration 
of justice; that is to say, the 
sheriff of the county or his 
substitute, or the provost or 
other magistrate of a royal 
burgh, or some other officer or 
officers for the time being em- 
powered by law to do alone or 
with others any act authorised 
to be done by more than one 
justice of the peace : 
(c) In Ireland, within the police 
district of Dublin Metropolis, 
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of one of the divisional justices 
of the police district of Dublin 
Metropolis, sitting at a police 
court within the said district; 
and elsewhere, of a stipendiary 
magistrate, sitting alone or with 
others, or of two or more justices 
of the peace in petty sessions, 
sitting at a place appointed for 
holding petty sessions. 

(4) Repealed. 

(5) Repealed. 

(6) No conviction or order made in 
pursuance of this Act shall be quashed 
for want of form or be removed by 
certiorari or otherwise, either at the 
instance of the Crown or of any private 
party, into any superior court. 

(7) Repealed. 

(8) In Scotland all penalties imposed 
under the provisions of this Act by a 
Court of Summary Jurisdiction may 
be enforced in default of payment by 
imprisonment for a term not exceeding 
three calendar months; and all such 
penalties recovered and the proceeds of 
all forfeitures sold under this Act shall 
be paid to the clerk of the Court of 
Summary Jurisdiction, and by him 
accounted for and paid to the persons 
and for the purposes under stated ; (that 
is to say), 

(a) To the King's and Lord Trea- 

surer's Remembrancer, on be- 
half of His Majesty, when the 
court is the sheriff's court : 

(b) To the collector of county rates 

in aid of the general county 
assessment when the court is 
the justice of the peace court : 

(c) To the treasurer of the burgh in 

aid of the funds of the burgh 
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when the court is a burgh 
court. 

(9) In Ireland all penalties recovered 
under the provisions of this Act shall 
be applied according to the Fines, 
Ireland, Act, 1851, or any Act amend- 
ing the same. 

16. All powers given by this Act 
shall be deemed to be in addition to 
and not in derogation of any other 
powers conferred on any local or 
harbour authority by Act of Parliament, 
law, or custom, and every local autho- 
rity and harbour authority may exercise 
such other powers in the same manner 
as if this Act had not passed ; and 
nothing in this Act contained shall be 
deemed to exempt any person from any 
penalty to which he would otherwise 
be subject in respect of a nuisance. 

The Petroleum Act, 1871, shall 
continue in force until otherwise 
directed by Parliament. 



Sect. 16, 1871. This 
section provides for the 
reservation of previous 
powers. It is not, however, 
desirable that harbour au- 
thorities should make by- 
laws for petroleum in virtue 
of powers which they may 
have under some other Act. 



Sect. 4, 1879. The Petro- 
leum Act, 1871, was re- 
newed annually until 1879, 
when it was made perma- 
nent. 



SCHEDULE ONE. 

Petroleum Act, 1879. 

(42 <fe 48 Vict. c. 47.) 
Mode of Testing Petroleum so as to ascertain the Temperature 

AT WHICH IT WILL GIVE OFF INFLAMMABLE VAPOUR. 



The oil-cup consists of a cylindrical 
vessel 2" diameter, 2^" height (in- 
ternal), with outward projecting rim -jfo" 
wide, |" from the top, and 1 J" from the 
bottom of the cup. It is made of gun 
metal or brass (17B.W.G.) tinned inside. 
A bracket, consisting of a short stout 



Explanatory Remarks. 
Fig. 1 [a]. Plate II. 
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piece of wire bent upwards and termi- 
nating in a point, is fixed to the inside 
of the cup to serve as a gauge. The 
distance of the point from the bottom 
of the cup is 1 J". The cup is provided 
with a close-fitting overlapping cover 
made of brass (22 B.W.G.), which Figs. 1, 2, 3, 4. 
carries the thermometer and test lamp. 
The latter is suspended from two sup- 
ports from the side by means of trun- 
nions upon which it may be made to 
oscillate ; it is provided with a spout, 
the mouth of which is one-sixteenth of 
an inch in diameter. The socket which 
is to hold the thermometer is fixed at 
such an angle and its length is so 
adjusted that the bulb of the ther- 
mometer when inserted to its full depth 
shall be l\" below the centre of the 
lid. 

The cover is provided with three Fig. 2. 
square holes, one in the centre, ^/' by 
-^", and two smaller ones, -fa" by ^/', 
close to the sides and opposite each 
other. These three holes may be 
closed and uncovered by means of a 
slide moving in grooves, and having 
perforations corresponding to those on 
the lid. 

In moving the slide so as to uncover 
the holes, the oscillating lamp is caught 
by a pin fixed in the slide, and tilted 
in such a way as to bring the end of 
the spout just below the surface of the 
lid. Upon the slide being pushed Figs. 8, 4, 7. 

back so as to cover the holes, the lamp 
returns to its original position. 

Upon the cover, in front of and in 
line with the mouth of the lamp, is 

fixed a white bead,* the dimensions of * (t) Figs. 1, 2, 3, 4. 
which represent the size of the test 
flame to be used. 
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The bath or heated vessel consists of 
two flat-bottomed copper cylinders 
(24 B.W.G.), an inner one of 3" dia- 
meter and 2£" height, and an outer 
one of 5£" diameter and 5f " height ; 
they are soldered to a circular copper 
plate (20 B.W.G.) perforated in the 
centre, which forms the top of the 
bath, in such a manner as to enclose 
the space between the two cylinders, 
but leaving access to the inner cylinder. 
The top of the bath projects both out- 
wards and inwards about §" ; that is, 
its diameter is about |" greater than 
that of the body of the bath, while the 
diameter of the circular opening in the 
centre is about the same amount less 
than that of the inner copper cylinder. 
To the inner projection of the top is 
fastened, by six small screws, a flat 
ring of ebonite, the screws being sunk 
below the surface of the ebonite, to 
avoid metallic contact between the 
bath and the oil cup. The exact dis- 
tance between the sides and bottom 
of the bath and of the oil-cap is 
£".* A split socket f similar to that 
on the cover of the oil-cup, but set at 
a right angle, allows a thermometer to 
be inserted into the space between the 
two cylinders. The bath is further 
provided with a funnel,]: an overflow 
pipe,§ and two loop handles. || 

The bath rests upon a cast-iron 
tripod stand, to the ring of which is 
attached a copper cylinder or jacket * 
(24 B.W.G.) flanged at the top, and of 
such dimensions that the bath, while 
firmly resting on the iron ring, just 
touches with its projecting top the 
inward-turned flange. The diameter 
of this outer jacket is 6 J". One of the 



Explanatory Remarks. 
Fig. 1 [b]. 



Kg. 1 (A). 



* This statement relates 
to the distance between 
the sides and bottom of 
the cup and the walls of 
the inner cylinder, which 
forms the air chamber. 

t Fig. 1(e) !(<*)• 
§</)• II (W)- 

* Fig. 1 [o]. 
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three legs of the stand serves as sup- 
port for the spirit lamp attached to it 
by means of a small swing bracket.* 
The distance of the wick holder f from 
the bottom of the bath is 1".* 

Two thermometers are provided with 
the apparatus, the one for ascertaining 
the temperature of the bath, the other 
for determining the flashing point. 
The thermometer for ascertaining the 
temperature of the water has a long 
bulb and a space at the top. Its range 
is from about 90° to 190° Fahrenheit. 
The scale (in degrees of Fahrenheit) is 
marked on an ivory back fastened to 
the tube in the usual way. It is fitted 
with a metal collar, fitting the socket, 
and the part of the tube below the 
scale should have a length of about 
3£" measured from the lower end of 
the scale to the end of the bulb. The 
thermometer for ascertaining the 
temperature of the oil is fitted with 
collar and ivory scale in a similar 
manner to the one described. It has 
a round bulb, a space at the top, and 
ranges from about 55° F. to 150° F. ; 
it measures from end of ivory back to 
bulb 2J". 

Note. — A model apparatus is de- 
posited at the Weights and Measures 
Department of the Board of Trade. 
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* Fig. 1 (a). 

t(c). 

-* The lamp is filled 
through the funnel b. 

In both thermometers 
the capillary tube is 
widened at the top to 
prevent breakage through 
over-heating. The line on 
the scale of the long bulb 
thermometer indicating 
130°, is rendered conspi- 
cuous by being drawn 
across the whole width of 
the ivory back. In a similar 
manner the line indicating 
73° is specially marked on 
the round bulb thermo- 
meter. 



Directions for applying the 
Flashing Test. 

(1) The test apparatus is to be 
placed for use in a position where it 
is not exposed to currents of air or 
draughts. 

(2) The heating vessel or water bath 
is filled by pouring water into the 
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funnel until it begins to flow out at 
the spout of the vessel. The tempera- 
ture of the water at the commence- 
ment of the test is to be 130° Fahren- 
heit, and this is attained in the first 
instance either by mixing hot and cold 
water in the bath, or in a vessel from 
which the bath is filled, until the 
thermometer which is provided for 
testing the temperature of the water 
gives the proper indication ; or by 
heating the water with the spirit lamp 
(which is attached to the stand of the 
apparatus) until the required tempera- 
ture is indicated. 

If the water has been heated too 
highly, it is easily reduced to 130° by 
pouring in cold water little by little 
(to replace a portion of the warm 
water) until the thermometer gives the 
proper reading. 

When a test has been completed, 
this water bath is again raised to 130° 
by placing the lamp underneath, and 
the result is readily obtained while the 
petroleum cup is being emptied, cooled, 
and refilled with a fresh sample to be 
tested. The lamp is then turned on 
its swivel from under the apparatus, 
and the next test is proceeded 
with. 

(3) The test lamp is prepared for 
use by fitting it with a piece of flat 
plaited candle wick, and filling it with 
colza or rape oil up to the lower edge 
of the opening of the spout or wick 
tube. The lamp is trimmed so that 
when lighted it gives a flame of about 
0*15 of an inch diameter, and this size 
of flame, which is represented by the 
projecting white bead on the cover of 
the oil-cup, is readily maintained by 
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simple manipulation from time to time 
with a small wire trimmer. 

When gas is available it may be 
conveniently used in place of the little 
oil-lamp, and for this purpose a test- 
flame arrangement for use with gas 
may be substituted for the lamp. 

(4) The bath having been raised to 
the proper temperature, the oil to be 
tested is introduced into the petroleum 
cup, being poured in slowly* until the 
level of the liquid just reaches the 
point of the gauge which is fixed 
in the cup. In warm weather the 
temperature of the room in which 
the samples to be tested have been 
kept should be observed in the first 
instance, and if it exceeds 65° the 
samples to be tested should be cooled 
down (to about 60°) by immersing the 
bottles containing them in cold water, 
or by any other convenient method. 
The lid of the cup, with the slide closed, 
is then put on, and the cup is placed 
into the bath or heating vessel. The 
thermometer in the lid of the cup has 
been adjusted so as to have its bulb 
just immersed in the liquid, and its 
position is not under any circumstances 
to be altered. When the cup has been 
placed in the proper position, the scale 
of the thermometer faces the operator. 

(5) The test lamp is then placed in 
position upon the lid of the cup, the 
lead line or pendulum, which has been 
fixed in a convenient position in front 
of the operator, is set in motion, and 
the rise of the thermometer in the 
petroleum cup is watched. When the 
temperature has reached about 66° the 
operation of testing is to be commenced, 
the test-fiame being applied once for 
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* In pouring in the oil 
to be tested, great care 
should be taken not to 
splash it against the sides 
of the cup. 
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every rise of one degree, in the fol- 
lowing manner : — 

The slide is slowly drawn open while 
the pendulum performs three oscilla- 
tions, and is closed during the fourth 
oscillation. 

Note. — If it is desired to employ 
the test apparatus to determine the 
flashing points of oils of very low vola- 
tility, the mode of proceeding is to be 
modified as follows : — 

The air-chamber which surrounds 
the cup is filled with cold water to a 
depth of lj inches, and the heating 
vessel or water-bath is filled as usual, 
but also with cold water. The lamp is 
then placed under the apparatus and 
kept there during the entire operation. 
If a very heavy oil is being dealt with, 
the operation may be commenced with 
water previously heated to 120° instead 
of with cold water. 
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For explanation as to the 
use of the pendulum see 
p. 86. 
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DIRECTIONS FOR DRAWING THE SAMPLE AND PREPAR- 
ING IT FOR TESTING IN TROPICAL CLIMATES. 

(1) Drawing the Sample. — In all cases the testing officer, or some 
person duly authorised by him, shall personally superintend the 
drawing of the sample from an original unopened tin or other 



An opening sufficiently large to admit of the oil being rapidly 
poured or siphoned from the tin or other vessel shall be made. 

Two bottles, each of the capacity of about 40 fluid ounces, are to 
be filled with the oil. One of these, the contents of which are 
intended to be preserved for reference in case of need, is to be care- 
fully corked, the cork being well driven home, cut off level with the 
neck, and melted sealing-wax worked into it. The other bottle may 
be either stoppered or corked. 

(2) Preparing the Sample far Testing. — About 10 fluid ounces of 
the oil, sufficient for three tests, are transferred from the bottle into 
which the sample has been drawn to a pint flask or bottle, which is 
to be immersed in water artificially cooled, until a thermometer, 
introduced into the oil, indicates a temperature not exceeding 50° F. 



DIRECTIONS FOR PREPARING AND USING THE TEST 
APPARATUS IN TROPICAL CLIMATES. 

(3) Preparing the Water-Bath. — The water-bath is filled by pouring 
water into the funnel until it begins to flow out at the overflow pipe. 
The temperature of the water at the commencement of each test, as 
indicated by the long-bulb thermometer, is to be 130° F., and this is 
attained in the first instance by mixing hot and cold water, either in 
the bath or in a vessel from which the bath is filled, until the 
thermometer which is provided for testing the temperature of the 
water gives the proper indication ; or the water is heated by means 
of a spirit-lamp (which is attached to the stand of the apparatus) 
until the required temperature is indicated. 
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(4) Preparing Hue Test-Lamp. — The test-lamp is fitted with a piece 
of cylindrical wicK of such thickness that it fills the wick-holder, but 
may readily be moved to and fro for the purpose of adjusting the 
size of the flame. In the body of the lamp, upon the wick, which is 
coiled within it, is placed a small tuft of cotton wool, moistened with 
petroleum, any oil not absorbed by the wool being removed. Wh6n 
the lamp has been lighted, the wick is adjusted by means of a pair of 
forceps or a pin, until the flame is the size of the bead fixed on the 
cover of the oil-cup ; should a particular test occupy so long a time 
that the flame begins to get smaller, through the supply of oil in the 
lamp becoming exhausted, three or four drops of petroleum are 
allowed to fall upon the tuft of wool in the lamp from the dropping- 
bottle or pipette provided for the purpose. This can be safely done 
without interrupting the test.* 

(5) Filling the Oil-Cup. — Before the oil-cup is filled, the lid is to 
be made ready for being placed upon the cup — i.e., the round-bulb 
thermometer is to be inserted into the socket (so that the projecting 
rim of the collar with which it is fitted touches the edge of the 
socket), and the test-lamp is to be placed in position. The oil-cup, 
having been previously cooled by placing it bottom downwards in 
water at a temperature not exceeding 50° F., is now to be rapidly 
wiped dry, placed on a level surface in a good light, and the oil to be 
tested is poured in without splashing until its surface is level with 
the point of the gauge which is fitted in the cup. The lid is then 
put on the cup at once, and pressed down so that its edge rests on 
the rim of the cup. 

(6) Application of the Test. — The water-bath, with its thermo- 
meter in position, is placed in some locality where it is not exposed 
to currents of air, and where the light is sufficiently subdued to 
admit of the size of the entire test-flame being compared with that 
of the bead on the cover. The cup is carefully lifted, without 
shaking it, and placed in the bath, the test-lamp is lighted, and the 
clockwork wound up by turning the key.f The thermometer in the 
oil-cup is now watched, and when the temperature has reached 
56° F. the clockwork is set in motion by pressing the trigger 

If no flash takes place, the clockwork is at once re-wound, and the 
trigger pressed at 57° F., and so on at every degree rise of tempera- 
ture until the flash occurs, or until a temperature of 95° F. has been 
reached. 

If the flash takes place at any temperature below 77° F., the 

* These suggestions will be found of value in the use of the instrument in a 
temperate climate also. 

f This refers to the Abel-Pensky apparatus. 
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temperature at which it occurs is to be recorded. The fresb 
portions of the sample are then to be successively tested in a similar 
manner and the results recorded. If no greater difference than 
2° F. exists between any two of the three recorded results, each 
result is to be corrected for atmospheric pressure, as hereafter 
described, and the average of the three corrected results is the 
flashing-point of the sample. In the event of there being a greater 
difference than 2° F. between any two of the results, the series of 
tests is to be rejected, and a fresh series of three similarly obtained, 
and so on until a sufficiently concordant series is furnished, when 
the results are to be corrected and the average taken in the manner 
already described. 

No flash which takes place within 8° of the temperature at which 
the testing is commenced shall be accepted as the true flashing-point 
of the sample tested. In the event of a flash occurring at or below 
64° when the test is applied in the manner above described, the 
next testing shall be commenced 10° lower than the temperature at 
which the flash had been previously obtained — that is to say, at 54° 
or thereunder, and this procedure shall be continued until the 
results of three consecutive tests do not show a greator difference 
than 2°. 

If a temperature of 76° F. has been reached without a flash 
occurring, the application of the test-flame is to be continued until a 
temperature of 95° F. has been reached. If no flash has occurred up 
to this point, and if the petroleum is declared to be imported 
subject to the provisions of the Act,* the tests shall not be continued, 
and the testing officer shall certify that the petroleum has a flashing- 
point of over 95° and is not dangerous. But if the petroleum is 
oil ordinarily used for lubricating purposes, and is declared to have 
its flashing-point at or above 200°, or is oil to which a notification of 
the Governor in Executive Council exempting it from the operation 
of the Act will be applicable in the event of the flashing-point being 
found to be at or above 120°, the test shall be continued as follows : 
The oil-cup is to be removed from the water-bath, and the tempera- 
ture of the water in the water-bath is to be reduced to 95° F. by 
pouring cold water into the funnel (the hot water escaping by the 
overflow pipe). The air chamber is then to be filled to a depth of 
1 i inch with water at a temperature of about 95° F., the oil-cup is to be 
replaced in the water-bath, and the spirit-lamp attached to the water- 
bath is to be lighted and placed underneath. The test-flame is then 
to be again applied from 96° F., at every degree rise of temperature 
as indicated by the thermometer in the oil-cup, until a flash takes 

* The Indian Petroleum Act is here referred to. 
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place, or until a temperature of 200° F. or 120° F., as the case may 
be, has been reached. If during this operation the test-flame 
appears to diminish in size, the lamp is to be replenished in the 
manner prescribed at (4) without interrupting the test. 

If a flash occurs at any temperature between 76° and 200° F. 
the temperature at which it occurs, subject to correction for atmo- 
spheric pressure, is the flashing-point of the sample. 

In repeating a test, a fresh sample of oil must always be used, the 
tested sample being thrown away, and the cup must be wiped dry 
from any adhering oil, and cooled, as already described, befoie 
receiving the fresh sample. 

(7) Correction for Atmospheric Pressure. — As the flashing-point 
of an oil is influenced by changes in atmospheric pressure to an 
average extent of 1 # 6° F. for every inch of the barometer, a correction 
of the observed flashing-point may become necessary. The height of 
the barometer must, therefore, be determined at the time of making 
the test for the flashing-point. An aneroid barometer is supplied 
for this purpose. To facilitate the correction of a flashing-point for 
pressure a table is appended,* giving flashing-points of oils ranging 
from 65° to 80° F., under pressures ranging from 27 to 31 inches of 
mercury. 

The table is used in the following manner : — 

Example. — An oil has given a flashing-point of 71°, the barometer 
being at 28*6 in.; take the nearest number to 71° in the vertical 
column headed 28*6. This number is 70*8. Substitute for this the 
number in the same horizontal line in the column headed 30 (the 
normal height of the barometer). The substituted number — i.e., the 
true flashing-point of the oil — is 73°. 

* This table will be found in Appendix VIIL 
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PETROLEUM (HAWKERS) ACT, i88x. 

Chapter 67. 

A.D. 1 88 1. An Act to regulate the. hawking of Petroleum and other substances 
of a like nature. [August 27, 1881.] 

Be it enacted by the Queen's most Excellent Majesty, by and with 
the advice and consent of the Lords Spiritual and Temporal, and 
Commons, in this present Parliament assembled, and by the 
authority of the same, as follows : 

Power to 1. Any person who is licensed in pursuance of the Petroleum 

hawk Act, 1871, to keep petroleum to which that Act applies may, subject 

1^1° „.' to the enactments for the time being in force with respect to 
c. 105. hawkers and pedlars, hawk such petroleum by himself or his 

servants. 
Regulations 2. With respect to the hawking of petroleum to which the 
for hawking Petroleum Act, 1871, applies, the following regulations shall be 
petroleum. observed . 

(1) The amount of petroleum conveyed at one time in any one 
carriage shall not exceed twenty gallons : 

(2) The petroleum shall be conveyed in a closed vessel so con- 
structed as to be free from leakage : 

(3) The carriage in which the vessels containing the petroleum 
are conveyed shall be so ventilated as to prevent any evaporation 
from the petroleum mixing with the air in or about the carriage in 
such proportion as to produce or be liable to produce an explosive 
mixture : 

(4) Any fire or light or any article of an explosive or highly 
inflammable nature shall not be brought into or dangerously near 
to the carriage in which the vessels containing the petroleum are 
conveyed : 

(5) The carriage in which the vessels containing the petroleum 
are conveyed shall be so constructed or fitted that the petroleum 
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cannot escape therefrom in the form of liquid, whether ignited or 
otherwise : 

(6) Proper care shall be taken to prevent any petroleum escaping 
into any part of a house or building, or of the curtilage thereof, or 
into a drain or sewer : 

(7) The petroleum shall be stored in some premises licensed for 
keeping of petroleum and in accordance with the licence for such 
premises both every night and also when the petroleum is not in the 
course of being hawked : 

(8) All due precautions shall be taken for the prevention of 
accidents by fire or explosion) and for preventing unauthorised 
persons having access to the vessels containing the petroleum, and 
every person concerned in hawking the .petroleum shall abstain 
from any act whatever which tends to cause fire or explosion, 
and is not reasonably necessary for the purpose of such hawking : 

(9) No article or substance of an explosive or inflammable 
character other than petroleum, nor any article liable to cause 
or communicate fire or explosion, shall be in the carriage while 
such carriage is being used for the purpose of hawking petro- 
leum : 

In the event of any contravention of this section with reference 
to any petroleum, the petroleum, together with the vessels contain- 
ing and the carriage conveying the same, shall be liable to be 
forfeited, and in addition thereto the licensee by whom or by whose 
servants the petroleum was being hawked shall be liable on summary 
conviction to a penalty not exceeding twenty pounds. 

Provided that — 

(1) Where some servant of the licensee or other person has in 
fact committed the offence, such servant or other person shall be 
liable to the same penalty as if he were the licensee : 

(2) Where the licensee is charged with a contravention of this 
section, he shall be entitled upon information duly laid by him to 
have any other person whom he charges as the actual offender 
brought before the court at the time appointed for hearing tho 
charge, and if the licensee proves to the satisfaction of the court 
that he had used due diligence to enforce the execution of this 
section, and that the said other person had committed the offence 
in question without his knowledge, consent, or connivance, the said 
other person shall be summarily convicted of such offence, and the 
licensee shall be exempt from any penalty. 

Any petroleum other than that to which the Petroleum Act, 
1871, applies while in any carriage used for the hawking of petro- 
leum to which the Petroleum Act, 1871, applies, shall for the 
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purposes of this section be deemed to be petroleum to which the 
Petroleum Act, 1871, applies. 

8. Any conditions annexed to a licence granted in pursuance of 
the Petroleum Act, 1871, either before or after the pausing of this 
Act, shall, so far as they are inconsistent with this Act, be void, 
but 6ave as aforesaid nothing in this Act shall affect the application 
to a licensee of the provisions of the Petroleum Act, 1871, or of any 
licence granted thereunder. 

4. Where a constable or any officer authorised by the local 
authority has reasonable cause to believe that a contravention of this 
Act is being committed in relation to any petroleum, he may seize 
and detain such petroleum and the vessels and carriage containing 
the same, until some court of summary jurisdiction has determined 
whether there was or not a contravention of this Act, and section 
thirteen of the Petroleum Act, 1871, shall apply to such constable 
and officer as if he were the person named in the warrant mentioned 
in that section, and as if the seizure were a seizure in pursuance of 
that section. 

5. Nothing in this Act contained shall extend to authorise the 
hawking of petroleum within the limits of any municipal borough in 
which, by any lawful authority, such hawking shall have been or 
may hereafter be forbidden. 

6. For the purposes of this Act — 

The expression "carriage" includes any carriage, waggon, cart, 
truck, vehicle, or other means of conveyance by land, in whatever 
manner the same may be drawn or propelled ; and 

A person shall be deemed for the purposes of this Act to hawk 
petroleum if by himself or his servants he goes about carrying 
petroleum to sell, whether going from town to town or to other 
men's houses, or selling it in the streets of the place of his residence 
or otherwise, and whether with or without any horse or other beast 
bearing or drawing burden. 

7. This Act may be cited as the Petroleum (Hawkers) Act, 1881. 
This Act shall be construed as one with the Petroleum Acte> 

1871 and 1879, and together with those Acts may be cited as the 
Petroleum Acts, 1871 to 1881. 
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The following Model Codes have been adopted since the first 
publication of this book. 

Petroleum Acts, 1871 to 1881. 

Harbour of 

BY-LAWS 
Made by the with respect to 

the landing, <fec, of Petroleum and Carbide of Calcium at Harbour. 

1. These By-laws shall apply to all parts of the Harbour of Application 

within the jurisdiction of the the limits of 

whose jurisdiction are set forth in the Schedule hereto. Such 
By-laws shall come into operation on the day of 190 , 

as from which date all previously existing By-laws under the 
Petroleum Acts are hereby revoked. 

2. The expressions contained in these By-laws shall have the Interpreta- 
meanings respectively assigned to them in the Petroleum Acts, 1871 Hon. 

and 1879, and in this By-law. 

" Petroleum " shall have the same meaning as " Petroleum to 
which this Act applies" in the Petroleum Act, 1871, as amended by 
the Petroleum Act, 1879, for the purpose of Part I. of these By-laws, 
and shall mean carbide of calcium for the purpose of Part II. 

" Petroleum ship " shall mean any ship having on board petroleum 
as cargo. 

" Owner " shall mean Owner or Master of the petroleum ship or 
the owner of the petroleum. 

"Harbour Master" shall mean the Harbour Master or other 
officer duly appointed by the Harbour Authority or acy rerson 
having authority to act in such capacity. 

" Quay " shall mean any quay, pier, jetty, wharf, landing stairs, 
shore or other landing place within the Harbour. 
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8. The Master of every petroleum ship shall, on nearing the 
Harbour, and during the time that such ship remains in the Harbour, 
display by day a red flag not less than 3 feet square, and by night a 
red light, on the masthead (or, if the said ship has no mast, on a staff). 

4. The Owner of every petroleum ship on entering the Harbour 
shall without delay, inform the Harbour Master of the quantity of 
petroleum on hin ship and of the manner in which such petroleum 
is stowed, and this shall be deemed to be the notice to the Harbour 
Authority required by Section 5 of the Petroleum Act, 1871. 

5. The Master of every petroleum ship shall anchor or moor his 
ship only at such place as the Harbour Master shall from time to 
time direct, and shall not remove his ship therefrom, except for 
the purpose of leaving the Harbour, without the written order or 
permission of the Harbour Master. No petroleum ship shall be 
anchored or moored at any place other than that approved by the 
Harbour Master, whether for the purpose of landing or shipping 
petroleum or otherwise. 

6. The following General Rules in respect of the unloading of 
petroleum within the Harbour shall be duly observed : 

(a) Before any petroleum is landed the Owner shall give due 

notice to the Harbour Master of the time and place of 

such landing. 
(5) No petroleum shall be landed at any Quay other than such 

Quay as the Harbour Master shall from time to time 

direct. 

(c) Before any petroleum contained in barrels, or other vessels, 

is landed, the holds of a petroleum ship shall be thoroughly 
ventilated, and after all petroleum has been removed 
from any petroleum ship, the holds and tanks shall be 
thoroughly cleansed. 

Provided that this By-law shall not be deemed to 
require cleansing of the tanks of a tank steamer which 
leaves the Harbour immediately after the discharge of 
the cargo, and of which the tanks are closed up imme- 
diately after such discharge. 

(d) Petroleum shall not be landed except between the hours of 

bunrise and b unset. 

(e) From the time when the holds or tanks of a petroleum ship 
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are first opened for the purpose of landing petroleum 
until such time as all petroleum shall have been removed 
from such ship, and the holds or tanks shall have been 
thoroughly cleansed as required by this By-law, there 
shall be no fire or artificial light on board such ship or at 
or near the place where the petroleum is being landed. 

Provided that this By-law shall not prevent the use of 
a safety lamp of a construction approved by the Harbour 
Master. 

(J) The Owner shall not allow any smoking at or near the place 
where petroleum is being landed, nor shall he allow any 
person engaged in such landing to carry f uzees, matches, 
or appliances whatsoever for producing ignition. 

(g) No petroleum contained in casks, barrels, or other vessels 
shall be landed in the Harbour, unless such vessels are 
staunch and free from leakage, and are of such strength 
and construction as not to be liable to be broken or to 
leak, except in case of gross carelessness or extraordinrry 
accident. 

(h) All pipes and. other appliances used in the landing of 
petroleum in bulk shall be reasonably free from leakage, 

(i) When the landing of petroleum has been commenced, such 
landing shall be proceeded with with due diligence. 

(J) No petroleum shall be landed at any Quay until the ship or 
carriage by which the same is to be removed therefrom 
shall be at the place in readiness to receive the same, and 
all petroleum landed in the Harbour shall be forthwith 
removed therefrom, or to some duly licensed place of 
storage. 

(k) No petroleum shall be discharged or allowed to escape into 
the waters of the Harbour. 

(t) The Owner shall take all due precautions for the prevention 
of accident by fire in landing petroleum. 

7. Two or more petroleum ships shall not, except for purpose of Distance 
transhipment, lie within 100 feet of one another, unless, in the between 
opinion of the Harbour Master, it is impracticable to maintain such 
distance. 

8. Every petroleum ship shall be watched by a competent person Watchman, 
on board such ship until all petroleum on board shall have been 

landed, and every petroleum ship shall at all times have on board a 
responsible person to carry out and give effect to the provisions of 
these Bylaws. 

9. The Owner shall, when so required by the Harbour Master, or Inspection. 
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other officer duly appointed by the Harbour Authority, or by any 
police constable, show to such officer or constable all petroleum under 
his control or upon his ship, and shall afford every reasonable 
facility to enable such officer or constable to inspect and examine 
such petroleum so as to ascertain whether these By-laws are duly 
observed. 



PART II. 



CARBIDE OF CALCIUM 



Notice. 



Ventilating 
hold. 



Removal 

after 

landing. 

Conveyance 
in closed 
vessels. 



Where 
package may 
be opened. 



Precaution 

against 

water. 



(which by an Order in Council, dated the 26th February, 1897, 
made under Section 14 of the Petroleum Act, 1871, has 
been brought within the provisions of that Act). 

10. The Owner or Master of every ship carrying a cargo, any 
part of which consists of carbide of calcium, shall, on entering the 
Harbour, immediately give notice of the nature of such cargo to the 
Harbour Master, and shall place or moor his ship in such place as 
the Harbour Master may direct ; and while any carbide of calcium 
remains on board shall not, except for the purpose of proceeding to 
sea, remove his ship without the written permission of the Harbour 
Master. 

11. Every ship's hold in which carbide of calcium is present, and 
from which carbide of calcium is to be discharged in the Harbour 
shall be efficiently ventilated from the time of entering the Harbour 
until all such carbide of calcium has been discharged or until the 
ship has left the Harbour. 

12. All carbide of calcium landed from any ship shall be removed 
without unnecessary delay to some duly licensed place of storage or 
beyond the limits of the jurisdiction of the Harbour Authority. 

13. Carbide of calcium shall only be brought into the Harbour 
in hermetically closed metal vessels of such strength and construction 
or so protected as not to be liable to be broken or to become defective 
or insecure in conveyance otherwise than by gross negligence or 
extraordinary accident. 

14. No vessel containing carbide of calcium shall be opened 
within the limits of the jurisdiction of the Harbour Authority 
except in some licensed place of storage or with the written consent 
of the Harbour Master in such place as he may direct. 

15. Every reasonable precaution shall be taken to prevent the 
contract of water or moisture with the carbide of calcium, and where 
such contact may have occurred, to prevent the gas evolved from 
being ignited. 
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16. The Owner or Master of the ship or the Owner of the carbide Inspection, 
of calcium shall, when so required by the Harbour Master, or other 
officer duly appointed by the Harbour Authority, or by any police 
constable, show to such officer or constable all carbide of calcium 
under his control or upon his ship, and shall afford every reasonable 
facility to enable such officer or constable to inspect and examine 
such carbide of calcium so as to ascertain whether these By-laws 
are duly observed. 

Given under the Common Seal of \ 
the this I 

day of , 100 . ) 

The above By-laws are hereby confirmed by the Board of Trade. 

Assistant Secretary, 
day of 190 . 

Schedule referred to in tab foregoing By-laws. 

N.B. — The Petroleum Act, 1871 (Section 4), provides as follows: 
" Where any ship or cargo is moored, landed, or otherwise dealt 
with in contravention of any By-law for the time being 
in force under this Act in any Harbour, the Owner and 
Master of such ship, or the owner of such cargo, as the 
case may be, shall each incur a penalty not exceeding fifty 
pounds for each day during which sYich contravention 
continues, and it shall be lawful for the Harbour Master or 
any other person acting under the orders of the Harbour 
Authority of such Harbour, to cause such ship or cargo to 
be removed, at the expense of the owner thereof, to such 
place as may be in conformity with the said By-law, and 
all expenses incurred in such removal may be recovered 
in the same manner in which penalties are by this Act 
made recoverable/ 1 

Copies of these By-laws may be obtained from the Harbour Master, 
or from 
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MEMORANDUM ISSUED BY LONDON COUNTY COUNCIL 

AND FORMS OF LICENCE FOR PETROLEUM AND 

CARBIDE OF CALCIUM. 

LONDON COUNTY COUNCIL. 

PUBLIC CONTROL DEPARTMENT. 

Petroleum Acts, 1871 to 1881. 

Abstract op the Regulations as to the Keeping, Sale, 

Conveyance, and Hawking op Petroleum in the 

County op London. 

This Abstract has no legal validity, and is intended only for the 
information and guidance of the persons concerned. For further 
information reference should be made to the Petroleum Acts, 1871 
and 1879, to tlie Petroleum (Hawkers) Act, 1881, and to the 
Locomotives on Highways Act, 1896, and the Regulations of Hie 
Secretary of State thereunder of April 20, 1900. 

General. 

Definition of 1. Petroleum to which the Acts apply means "any rock oil, 
petroleum. Rangoon oil, Burmah oil, oil made from Petroleum, coal, schist, 
shale, peat, or other bituminous substance, and any products cf 
petroleum, or any of the above-mentioned oils," which, when tested 
in the prescribed manner, give off an inflammable vapour at a 
temperature of less than 73 degrees of Fahrenheit's thermometer. 

This definition includes any composition such as varnish, paint, or 
indiarubber solution, which contains petroleum spirit. 

2. Throughout this abstract, petroleum to which the Acts apply 
is called "Petroleum Spirit"; and all other petroleum is called 
" Petroleum Oil." 

3. Where petroleum is — 

Labelling («) Kept at any place (except during the seven days next after 

vessels. importation); or 
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(b) Sold or exposed for sale, 

the vessel containing it shall have a label stating in con- 
spicuous characters the description of petroleum, with the 
addition of the words " highly inflammable," and also the 
name and address of the owner or vendor. 

4. Petroleum spirit can only be kept in pursuance of a licence Keeping 
granted by the Council, except as follows : petroleum 

(a) Not exceeding three gallons may be kept in separate glass, 8 P int * 

earthenware, or metal vessels, securely stopped, each of 
which must not contain more than one pint. 

(b) When it is kept or used for the purpose of light locomotives 

in accordance with the Regulations as to petroleum made 
by the Secretary of State. 

Licences. 

5. Application to the Council for a licence must be made upon Applica- 
the form provided for the purpose, which can be obtained by appli- tions. 
cation in writing, addressed to the Chief Officer, Public Control 
Department of the London County Council, 6 Waterloo Place, 

Pall Mall, S.W. 

6. Every application must be accompanied by a fee of 5a. in Fcea. 
money, or, if sent through the post, by cheque, or Postal Order 
payable to the order of the London County Council. The fee will 

be returned to the applicant if the licence be not granted. 

7. Where the application is for a licence to store 50 gallons or plans, 
more there must also be sent a plan, drawn to the scale of one-eighth 

of an inch to a foot, and showing the proposed place and means of 
storage, and also showing the buildings, Ac., within 50 feet of such 
place. 

8. Every application must state — Particulars 
{a) The quantity of petroleum spirit which the applicant desires in applica- 

to keep ; tion - 

(b) The proposed place and method of storage ; 

(c) Particulars of manufacturing processes (if any) in which the 

spirit is to be used. 

9. Petroleum spirit should, whenever possible, be stored in one Mode of 
of the following methods : storage. 

(a) In a strong metal tank sunk into the ground at a suitable 

place, and covered with earth or concrete. The tank to 
have no openings but for the pipes through which the 
petroleum spirit is pumped. 

(b) In a concrete, stone, brick, or iron store (partially sunk into 

the ground where possible), the lower part so constructed 
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as to form a tank capable of receiving, in case of accident, 
all the petroleum contained in the store. The store to be 
ventilated sufficiently to prevent the accumulation therein 
of an inflammable vapour, and all ventilating openings to 
be protected by strong wire gauze. 
The Council, however, grants licences to keep quantities not 
exceeding 10 gallons of petroleum spirit in yards or other suitable 
situations, on condition that a place of storage having a superficial 
area measuring at least 5 feet by 5 feet is provided, and is exclu- 
sively appropriated to the purpose, and that such place of storage is 
not within any inhabited building. 

In cases where the foregoing methods of storage cannot be adopted, 
the Council may grant licences under special conditions^ provided the 
means of storage and precautions for safety proposed are considered 
satisfactory. 
General 10. The following are the usual general conditions contained in 

conditions in petroleum licences granted by the Council, 
licences. ^ Tha.t the total quantity of petroleum kept do not exceed 

(2) That petroleum be exclusively contained in strong metal 
vessels, fitted with screw caps, and with secure taps, so constructed 
and connected as to prevent leakage or the escape of vapour. 

(8) That there be kept painted in conspicuous characters on every 
storage vessel containing petroleum the description of petroleum, 
with the addition of the words " highly inflammable." 

(4) That vessels containing petroleum be kept only in 

{Here follows description of the place of storage!) 

(5) That any vessel containing petroleum be only opened upon 
the licensed premises, at or immediately adjoining the place of 
storage, and for the time necessary for drawing off the petroleum ; 
and that during such drawing off. every reasonable precaution be 
adopted for preventing the escape of petroleum or the vapour 
therefrom. 

(G) That no substance other than petroleum be deposited or kept 
in the place of storage above described. 

(7) That all petroleum received upon the premises be at once 
taken to the place of storage ; and that petroleum taken from the 
place of storage for delivery or otherwise be at once removed from 
the premises. 

(8) That the licensee do take effectual precautions for preventing 
unauthorised persons and all persons under the age of 15 years from 
obtaining access to the place of storage. 

(9) That there be no fire, forge, furnace, or similar source of 
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danger, or any storage of explosives within 20 feet, or of highly 
inflammable material within 10 feet, of the place of storage, unless 
separated therefrom by a wall or screen of sufficient strength and 
height to prevent the communication of fire, and that [such] artificial 
light as would ignite inflammable vapour be not at any time taken 
into or near the place of storage. 

(10) That petroleum be only received into or supplied from the 
licensed premises between sunrise and sunset. 

(11) That not less than one bushel of sand be kept with every 
vessel in which petroleum is stored, and that some portion of this 
be constantly kept immediately under the tap of the vessel. 

(12) That petroleum be only conveyed to or from the licensed 
premises in closed vessels, so constructed as to be entirely free from 
leakage, and that gunpowder or other article likely to cause fire or 
explosion be not carried in a vehicle in which petroleum is being 
conveyed. 

(13) That the arrangements for storage, as approved by the 
Council, and as seen by the Council's inspector last before the 
granting of this licence, be in all respects kept and maintained, 
unless the consent of the Council is given in writing to any departure 
therefrom. 

(14) That every authorised officer of the Council be at all times 
allowed free access to the premises of the licensee, for the purpose 
of ascertaining if the above conditions are properly observed ; and 
that the licensee do, by himself or his representatives, give any 
assistance for that purpose which such officer may require. 

11. Licences are granted for periods not exceeding one year, and Duration of 
prior to expiration application must be made for their renewal, licence. 
Notice of the expiration, and a form of application for renewal, is 

sent to each licensee at the proper time. 

Conveyance op Petroleum Spirit. 

12. Where petroleum spirit is sent or conveyed, the vessel con- Conveyance 
taining it shall have a label stating in conspicuous characters the of petro- 
description of petroleum with the addition of the words "highly ei ? n ! 1 ' 
inflammable/ 1 and also the name and address of the sender. 

1 3. Petroleum spirit conveyed to or from licensed premises must 
be conveyed in accordance with the conditions of the licence. 

Hawking Petroleum. 

14. Any person licensed to keep petroleum spirit may, subject to Hawking 
the enactments as to hawkers and pedlars, and to the following petroleum, 
regulations, hawk petroleum by himself or his servants. 

Q 
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Regulations 
as to 
hawking. 



15. Section 2 of the Petroleum (Hawkers) Act, 1881, provides 
with respect to the hawking of petroleum, that the following regula- 
tions shall be observed — 

(1) The amount of petroleum conveyed at one time in any one 
carriage shall not exceed twenty gallons. 

(2) The petroleum shall be conveyed in a closed vessel, so con- 
structed as to be free from leakage. 

(8) The carriage in which the vessels containing the petroleum 
are conveyed shall be so ventilated as to prevent any evaporation 
from the petroleum mixing with the air in or about the carriage in 
such proportion as to produce, or be liable to produce, an explosive 
mixture. 

(4) Any fire or light, or any article of an explosive or highly in- 
flammable nature, shall not be brought into or dangerously near to the 
carriage in which the vessels containing the petroleum are conveyed. 

(5) The carriage in which the vessels containing the petroleum are 
conveyed shall be so constructed or fitted that the petroleum cannot 
escape therefrom in the form of liquid, whether ignited or otherwise. 

(6) Proper care shall be taken to prevent any petroleum escaping 
into any part of a house or building, or of the curtilage thereof, or 
into a drain or sewer. 

(7) The petroleum shall be stored in some premises licensed for 
the keeping of petroleum, and in accordance with the licence for 
such premises, both every night and also when the petroleum is not 
in the course of being hawked. 

(8) All due precautions shall be taken for the prevention of 
accidents by fire or explosion, and for preventing unauthorised 
persons having access to the vessels containing the petroleum, and 
every person concerned in hawking the petroleum shall abstain from 
any act whatever which tends to cause fire or explosion, and is not 
reasonably necessary for the purpose of such hawking. 

(9) No article or substance of an explosive or inflammable 
character other than petroleum, nor any article liable to cause or 
communicate fire or explosion, shall be in the carriage while such 
carriage is being used for the purpose of hawking petroleum. 

When petroleum oil is in a carriage used for hawking petroleum 
spirit, such petroleum oil is deemed to be petroleum within the Act. 



Petroleum 
spirit for 
motor cars. 



Petroleum Spirit fob use fob Motor Oabs. 

1 6. Petroleum spirit for use for motor cars may be kept without 
a licence if the restrictions laid down in the Regulations of the 
Secretary of State under the Locomotives on Highways Act (given 
in full in Appendix IX.) are strictly observed. 
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Where these regulations cannot be observed, or where it is intended 
to also sell spirit for use for motor cars, a licence is necessary. 

Inspection. 

17. Any dealer who refuses to show to any officer authorised by Refusing 
the Council every or any place or all or any of the vessels in which mfo "nation 
petroleum or petroleum oil in his possession is kept, or to give him . officer 
such assistance as he may require for examining the same, or to give 
to such officer samples of such petroleum or petroleum oil on pay- 
ment of the value of such samples, or who wilfully obstructs the 
Council, or any officer of the Council, in the execution of this Act, 
shall incur a penalty not exceeding twenty pounds. 

Alfred Spencer, 

Chief Officer. 
6 Waterloo Place, 

Pall Mall, S.W. 

May 1900. 



LONDON COUNTY COUNCIL. 

PUBLIC CONTROL DEPARTMENT. 

Carbide of Calcium. 

Abstract of the Regulations as to the Keeping, Sale, and Con- 
veyance of Carbide of Calcium in the County of London. 

The Abstract has no legal validity, and is intended only for the 
information and guidance of the persons concerned. For further 
information reference should be made to the Petroleum Acts, and 
to the Orders in Council dated February 26, 1897, and July 7, 
1897. 

General. 

1. By an Order in Council, dated February 26, 1897, carbide of 
calcium can only be kept in pursuance of a licence granted by the 
local authority. 

2. By a further Order in Council, dated July 7, 1897, not ex- Exemption, 
ceeding 5 lbs. of carbide may be kept without licence, provided it is 

kept in separate substantial hermetically-closed metal vessels contain- 
ing no more than 1 lb. each. 
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Labelling 
vessels. 



Note. — The order does not provide for the keeping of any quantity 
except in a dosed vessel. Only one vessel should, therefore, be 
opened at a time, and the quantity of carbide, not exceeding 1 lb., 
required for use, should be at once placed in the generator, 
which should be immediately closed. If any carbide remain in 
the storage vessel, such vessel should be at once re-closed. 

3. Where carbide of calcium is : 

(a) Kept at any place ; or 

(b) Sold or exposed for sale, 

the vessel containing it shall bear a label stating in 
conspicuous characters the words " Carbide of calcium," 
"Dangerous if not kept dry," and with the following 
caution: — "The contents of this package are liable if 
brought into contact with moisture to give off a highly 
inflammable gas," and also the name and address of the 
owner or vendor. 



Applica- 
tions. 



Fees. 



Particulars 
in applica- 
cation. 



Mode of 
storage. 



Licences. 

4. Application to the Council for a licence to keep carbide of 
calcium at any place in the County of London (except the City of 
London) must be made upon the form provided for the purpose, 
which can be obtained by application in writing, addressed to the 
Chief Officer, Public Control Department of the London County 
Council, 6 Waterloo Place, S.W. 

5. Every application must be accompanied by a fee of 5s. in 
money, or, if sent through the post, by cheque or postal order for 
that amount payable to the order of the London County Council. 
The fee will be returned to the applicant if the licence be not granted. 

6. Every application must state : 

(a) The quantity of carbide of calcium which the applicant 

desires to keep ; 

(b) The proposed place and method of storage ; 

(c) If the carbide is only to be kept for sale in closed vessels, or 

if it is to be used in the manufacture of acetylene gas. 

7. Carbide of calcium should be kept in strong metal vessels, and — 

(a) Such vessels should be so constructed and closed as to 

prevent the admission of water or atmospheric moisture. 

(b) Such vessels should only be opened for the time necessary 

for the removal of any required quantity of carbide, or for 
the re611ing of the vessels. 

(c) No one vessel should have a greater capacity than 3696 cubic 

inches (equal to a cylindrical vessel 14 inches in diameter 
and 24 inches in depth). 
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(d) Every vessel of a greater capacity than 2 lbs. should be 

provided with a lock or be placed in a locked receptacle so 
as to prevent unauthorised persons gaining access to the 
contents. 

(e) Copper should not be used in the construction of vessels for 

containing carbide. 

8. Vessels containing carbide of calcium should not be kept inside Place of 
dwelling-houses, but preferably in dry and well-ventilated out- 8tora £ e - 
buildings. 

9. Small quantities of carbide for sale or immediate use will, how- Small 
ever, be allowed in shops, dwellings or workshops, upon licensed 
premises, if the arrrangements are satisfactory. 

10. The Council proposes only to grant licences to keep carbide of Purity of the 
calcium which is pure (in a commercial sense), i.e., which contains no carblde 
impurities liable to generate phosphoretted or siliciuretted hydrogen 

so as to render the gas evolved liable to ignite spontaneously. 

11. Where carbide of calcium is kept for the manufacture of Acetylene 
acetylene gas, it is desirable that such of the following precautions £ as - 

for ensuring safety as are applicable to the circumstances should be 
adopted: 

(a) Every apparatus for generating and storing acetylene gas Place of 

should be placed in an outbuilding. (This does not apply manufac- 
to portable apparatus holding a charge of less than 2 lbs. of ture * 
carbide.) 

(b) Such building should be separated as far as may be practic- 

able from inhabited buildings, and should be well 
ventilated. 

(c) No fire or such artificial light as would ignite inflammable 

gas should be taken into or near the building or place 
where a gas-making apparatus is situate. 

1 2. Every apparatus (including generator and gas-holder) used for Nature of 
acetylene gas should as far as practicable be constructed and used so apparatus, 
as to provide against the special risk, i.e. — 

(a) Copper should not be used in any part of the apparatus. 

(b) The various parts should be of adequate strength. 

(c) Escape of gas from the apparatus should be carefully guarded 

against. 

(d) Satisfactory provision should be made against dangerous 

development of heat. 

(e) Satisfactory provision should be made against undue pressure 

by the employment of an adequate safety valve connected 
with a pipe discharging into the open air, and a suitable 
pressure gauge should be attached to the apparatus. 
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(/) Provision should be made for the residue of the carbide 
being mixed with at least ten times its bulk of water on 
being removed from the apparatus. 
(g) No person should have charge of an apparatus until he has 
been properly instructed in its management. 
Duration of 13. Licences are granted for keeping carbide of calcium for 
licence. periods not exceeding one year, and prior to expiration application 

must be made for their renewal. Notice of the expiration, and a 
form of application for renewal, is sent to each licensee at the 
proper time. 

Conveyance of Carbide of Calcium. 

Conveyance 14. Where carbide of calcium is sent or conveyed, the vessel 

of carbide of containing it shall bear a label stating in conspicuous characters the 

ca cium. words " Carbide of calcium," " Dangerous if not kept dry," and with 

the following caution : — " The contents of this package are liable if 

brought into contact with moisture to give off a highly inflammable 

gas," and also the name and address of the sender. 

15. Carbide of calcium conveyed to or from licensed premises 
must be conveyed in accordance with the conditions of the licence. 

Inspection. 

Refusing 1 6. Any dealer who refuses to show to any officer authorised by 

information the Council every or any place or all or any of the vessels in which 
carbide of calcium in his possession is kept, or to give him such 
assistance as he may require for examining the same, or to give to 
such officer samples of such carbide of calcium on payment of the 
value of such samples, or who wilfully obstructs the Council, or any 
officer of the Council, in the execution of these Acts and the Orders 
made thereunder, is liable to a penalty not exceeding twenty 
pounds. 

Alfred Spencer, 
6 Waterloo Place, S.W. Chief Officer. 

April 21, 1809. 



or obstruct- 
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LONDON COUNTY COUNCIL. A 

Petroleum Acts, 1871 to 1881. J5*°" ge 

licence.) 



PETROLEUM LICENCE. 

PURSUANT to the provisions of the Petroleum Acts, 1871 to 
1881, the London County Council doth hereby, at the request of 

M__ grant licence 

to for the period of twelve calendar months from 

the to 

keep gallons of petroleum to 

which the Acts apply, and as defined in the said Acts, on the 

premises situate at in 

the parish of and within 

the County of London, subject to the conditions following, that is 
to say — 

(1) That the vessel or vessels containing the petroleum be kept in 
a place of storage having a superficial area measuring at least 5 feet 
by 5 feet, that such place of storage be exclusively appropriated to 
the purpose, and that it be not within any inhabited building. 

(2) That the place of storage aforesaid be in all respects kept and 
maintained in the same condition that it was in when inspected by 
an authorised officer of the Council last before the granting of this 
licence. 

(3) That there be no fire, forge, furnace, or similar source of 
danger, or any storage of explosive within 20 feet, or of highly 
inflammable material within 10 feet, of such place of storage, unless 
separated therefrom by a wall or screen of sufficient strength and 
height to prevent the communication of fire. 

(4) That no substance other than petroleum be deposited or kept in 
the place of storage. 

(5) That petroleum be exclusively contained in strong metal 
vessels, the openings to which are covered with fine wire gauze and 
fitted with screw caps, and the vessels fitted with secure taps, so 
constructed and connected as to prevent leakage or the escape 
of vapour ; and that such vessels and taps be kept in thoroughly 
good order. 

(6) That there be kept painted in conspicuous characters on every 
storage vessel containing petroleum, the description of petroleum, 
with the addition of the words " highly inflammable." 
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(7) That petroleum be only conveyed to or from the licensed 
premises in closed vessels, so constructed as to be entirely free from 
leakage. 

(8) That no petroleum be conveyed to or from the licensed premises 
in a vehicle in which gunpowder or other article likely to cause fire 
or explosion is also carried. 

(9) That petroleum be only received in or supplied from the 
licensed premises between sunrise and sunset ; and that no artificial 
light or fire, or article likely to cause fire, be at any time taken into 
or near the place of storage. 

(10) That the vessels containing petroleum be only opened upon 
the licensed premises, at or immediately adjoining the place of storage 
and for the time necessary for drawing off the petroleum ; and that 
during such drawing off every reasonable precaution be adopted for 
preventing the escape of petroleum or the vapour therefrom. 

(11) That all the petroleum received upon the premises be at once 
taken to the place of storage ; and that petroleum taken from the 
place of storage for delivery or otherwise, be at once removed from 
the premises. 

(12) That the licensee do take effectual precautions for preventing 
unauthorised persons and all persons under the age of 15 years from 
obtaining access to the place of storage. 

(13) That not less than a bushel of sand be kept with every vessel 
in which petroleum is stored, and that some portion of this be con- 
stantly kept immediately under the tap of the vessel. 

(14) That due precaution be at all times taken for the prevention 
of accident from fire. 

(15) That every authorised officer of the Council be at all times 
allowed free access to the premise* of the licensee, for the purpose 
of ascertaining if the above conditions are properly observed ; and 
that the licensee do, by himself or his representatives, give any 
assistance for that purpose which such officer may require. 

Section 9 of the Petroleum Act, 1871, provides that "any licensee 
violating any of the conditions of his licence shall be deemed to be an 
unlicensed person." 

By Order of the Council, 



Clerk of the Council. 
Spring Gardens, y.W. 

This Licence is NOT transferable. 
For reyutatiitt* as to hawking petroleum, see page 241. 
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LONDON COUNTY COUNCIL. B 

Petroleum Acts, 1871 to 1881. ZnL) 

PETROLEUM LICENCE. Reg. No. 

PURSUANT to the provisions of the Petroleum Acts, 1871 to 
1881, the London County Council doth hereby, at the request of 

M grant licence 

to for the period of twelve calendar months from 

the to 

keep gallons of petroleum to 

which the Acts apply, and as denned in the said lets, on the 

premises situate at in 

the parish of and within 

the jurisdiction of the said Council, subject to the conditions 
following, that is to say — 

(1) That the petroleum be kept only in a store substantially con- 
structed entirely of concrete, stone, brick or iron, and having a fire- 
proof door which is to be kept locked at all times, except when 
petroleum is being placed in or removed from the store ; that such 
store be not within any building, or abutting against a dwelling 
house ; that the lower part of such store be so constructed as to form 
a tank capable of receiving and retaining, in case of accident, all the 
petroleum contained in the store ; that the store be ventilated 
sufficiently to prevent the accumulation therein of an inflammable 
vapour, and that all ventilating openings be protected with strong 
wire gauze. 

(2) That the place of storage aforesaid be in all respects kept and 
maintained in the same condition that it was in when inspected by an 
authorised officer of the Council last before the granting of this 
licence. 

(8) That there be no fire, forge, furnace, or similar source of danger, 
or any storage of explosives within 20 feet, or of highly inflammable 
material within 10 feet, of such place of storage, unless separated 
therefrom by a wall or screen of sufficient strength and height to 
prevent the communication of fire. 

(4) That no substance other than petroleum be deposited or kept 
in ther place described in the first condition of this licence. 

(5) That, unless otherwise specially provided for in the first con- 
dition of this licence, all petroleum kept upon the premises be 
exclusively contained in strong metal vessels, the openings to 



250 HANDBOOK ON PETROLEUM. 

which are covered with fine wire gauze and fitted with screw caps, 
and with secure taps, so constructed and connected as to prevent 
leakage or the escape of vapour ; and that such vessels and taps be 
kept in thoroughly good order. 

(6) That there be kept painted in conspicuous characters on every 
storage vessel containing petroleum the description of petroleum, 
with the addition of the words " highly inflammable." 

(7) That petroleum be only conveyed to or from the licensed 
premises in closed vessels, so constructed as to be entirely free from 
leakage. 

(8) That no petroleum be conveyed to or from the licensed premises 
in a vehicle in which gunpowder or other article likely to cause fire 
or explosion is also carried. 

(9) That petroleum be only received in or supplied from the 
licensed premises between sunrise and sunset ; and that no artificial 
light or fire, or article likely to cause fire, be at any time taken into 
or near the place of storage. 

(10) That the vessels containing petroleum be only opened upon 
the licensed premises, at or immediately adjoining the place of 
storage, and for the time necessary for drawing off the petroleum ; 
and that during such drawing off every reasonable precaution be 
adopted for preventing the escape of petroleum or the vapour there- 
from. 

(11) That all petroleum received upon the premises be at once 
taken to the place of storage ; and that petroleum taken from the 
place of storage, for delivery or otherwise, be at once removed from 
the premises. 

(12) That the licensee do take effectual precautions for pre- 
venting unauthorised persons and all persons under the age of 15 
years from obtaining access to the place of storage. 

(13) That not less than a bushel of sand be kept with every 
vessel in which petroleum is stored, and that some portion of this be 
constantly kept immediately under the tap of the vessel. 

(14) That due precaution be at all times taken for the prevention 
of accident from fire. 

(15) That every authorised officer of the Council be at all times 
allowed free access to the premises of the licensee, for the purpose of 
ascertaining if the above conditions are properly observed ; and that 
the licensee do, by himself or his representatives, give any assis- 
tance for that purpose which such officer may require. 

By Order of the Council, 



Clerk of the Council. 
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Section 9 of the Petroleum Act, 1871, provided that " any licensee 
violating any of the conditions of his licence shall be deemed to be an 
unlicensed person/' 

This Licence is NOT transferable. 

For regulations as to labelling vessel containing Petroleum, and as to ' 
hawking Petroleum, see page 241. 



LONDON COUNTY COUNCIL. c 

Petroleum Acts, 1871 to 1881. (Special 

' Licence.) 

PETROLEUM LICENCE. Reg . N o. 

PURSUANT to the provisions of the Petroleum Acts, 1871 to 
1881, the London County Council doth hereby, at the request of 

M grant Licence 

to f or the period of twelve calendar months from 

the to 

keep gallons of petroleum to 

which the Acts apply, and as defined in the said Acts, on the 

premise* situate at in 

the parish of and within 

the jurisdiction of the said Council, subject to the conditions 
following, that is to say — 

(1) That the petroleum be kept only in 



(2) That the place of storage aforesaid be in all respects kept and 
maintained in the same condition that it was in when inspected by 
an authorised Officer of the Council last before the granting of this 
licence. 

(8) That there be no fire, forge, furnace, or similar source of 
danger, or any storage of explosives within twenty feet, or of highly 
inflammable material within ten feet, of such place of storage, unless 
separated therefrom by a wall or screen of sufficient strength and 
height to prevent the communication of fire. 
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(4) That no substance other than petroleum be deposited or kept 
in the place described in the first condition of this licence. 

(5) That, unless otherwise specially provided for in the first 
condition of this licence, all petroleum kept upon the premises be 
exclusively contained in strong metal vessels, the openings to which 
are covered with fine wire gauze and fitted with screw caps, and 
with secure taps, so constructed and connected as to prevent leakage 
or the escape of vapour ; and that such vessels and taps be kept in 
thoroughly good order. 

(6) That there be kept painted in conspicuous characters on every 
storage vessel containing petroleum, the description of petroleum, 
with the addition of the words " highly inflammable." 

(7) That petroleum be only conveyed to or from the licensed 
premises in closed vessels, so constructed as to be entirely free from 
leakage. 

(8) That no petroleum be conveyed to or from the licensed 
premises in a vehicle in which gunpowder or other article likeJy to 
cause fire or explosion is also carried. 

(9) That petroleum be only received in or supplied from the 
licensed premises between sunrise and sunset ; and that no artificial 
light or fire, or article likely to cause fire, be at any time taken into 
or near the place of storage. 

(10) That the vessels containing petroleum be only opened upon 
the licensed premises, at or immediately adjoining the place of 
storage, and for the time necessary for drawing off the petroleum ; 
and that during such drawing off every reasonable precaution be 
adopted for preventing the escape of petroleum or the vapour there- 
from. 

(11) That all petroleum received upon the premises be at once 
taken to the place of storage ; and that petroleum taken from the 
place of storage for delivery or otherwise, be at once removed from 
the premises. 

(12) That the licensee do take effectual precautions for preventing 
unauthorised persons and all persons under the age of fifteen years 
from obtaining access to the place of storage. 

(13) That not less than a bushel of sand be kept with every 
vessel in which petroleum is stored, and that some portion of this be 
constantly kept immediately under the tap of the vessel. 

(14) That due precaution be at all times taken for the prevention 
of accident from fire. 

(15) That every authorised Officer of the Council be at all times 
allowed free access to the premises of the licensee, for the purpose 
of ascertaining if the above conditions are properly observed ; and 
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that the licensee do, by himself or his representatives, give any 
assistance for that purpose which such officer may require. 

By Order of the Council, 



Clerk of the Council. 

Section 9 of the Petroleum Act, 1871, provides that "any Licensee 
violating any of the conditions of his Licence shall be deemed to be an 
unlicensed person." 

This Licence is NOT transferable. 

For regulations as to labelling vessel containing Petroleum, and as to 
hawking Petroleum, see page 2il. 



LONDON COUNTY COUNCIL. D 

Petroleum Acts, 1871 to 1881. iEc? 

. PETROLEUM LICENCE. No ' a) 



PURSUANT to the provisions of the Petroleum Acts, 1871 to 
1881, the London County Council doth hereby at the request 

of grant licence 

to for the period of twelve calendar months from 

the to 

keep gallons of petroleum, to 

which the Acts apply, and as defined in the said Acts, on the 

premises in 

the parish of and within 

the jurisdiction of the said Council, subject to the conditions 
following, that is to say — 

That no fire, or any such artificial light as would ignite inflammable 
vapour, be at any time within or nearer than feet 

of the openings of buildings where petroleum is kept. 

That vessels containing petroleum be only opened for the time 
absolutely necessary for the purposes of the business, and that every 
precaution be used for preventing the inflammable vapour from 
escaping from such vessels. 

That the arrangements for the storage or use of petroleum as 
approved by the Council and as seen by the Council's Inspector last 
before the granting of this licence, be in all respects kept and main- 



Reg. No. 
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tained, unless the consent of the Council is given in writing to any 
departure therefrom. 

That due precaution be at all times taken for the prevention of 
accident from fire. 

That every authorised Officer of the Council be at all times 
allowed free access to the premises of the licensee, for the purpose 
of ascertaining if the above conditions are properly observed ; and 
that the licensee do, by himself or his representatives, give any 
assistance for that purpose which such officer may require. 

By Order of the Council, 

Clerk of the Gou7wil. 
Spring Gardens, S.W. 

Section 9 of the Petroleum Act, 1871, provides that any " Licensee 
violating any of the conditions of his Licence shall be deemed to be an 
unlicensed person." 

This Licence is NOT transferable. 



E LONDON COUNTY COUNCIL. 

Reg. No. Petroleum Acts, 1871 to 1881, and Order in 
Council, dated February 26, 1897. 

PETROLEUM AND CARBIDE OF CALCIUM LICENCE. 

PURSUANT to the provisions of the Petroleum Acts, 1871 to 
1881, and of the Order in Council, dated February 26, 1897, the 

London County Council doth hereby at the request of 

grant licence 

to for the period of twelve calendar months from 

the to 

keep petroleum and carbide of calcium on the premises 



in the parish of and within 

the jurisdiction of the said Council, subject to the conditions 
following, that is to say — 

Petroleum. 0) That the total quantity of petroleum kept do not exceed 



(2) That petroleum be exclusively contained in strong metal 
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vessels, fitted with screw caps, and with secure taps, so constructed 
and connected as to prevent leakage or the escape of vapour. 

(3) That there be kept painted in conspicuous characters on every 
storage vessel containing petroleum, the description of petroleum, 
with the addition of the words " highly inflammable." 

(4) That vessels containing petroleum be kept only in 



(5) That any vessel containing petroleum be only opened upon 
the licensed premises, at or immediately adjoining the place of 
storage, and for the time necessary for drawing off the petroleum ; 
and that during such drawing off every reasonable precaution be 
adopted for preventing the escape of petroleum or the- vapour there- 
from. 

(6) That no substance other than petroleum be deposited or kept 
in the place of storage above described. 

(7) That all petroleum received upon the premises be at once 
taken to the place of storage ; and that petroleum taken from the 
place of storage for delivery or otherwise, be at once removed from 
the premises. 

(8) That the licensee do take effectual precautions for preventing 
unauthorised persons and all persons under the age of fifteen years 
from obtaining access to the place of storage. 

(9) That there be no fire, forge, furnace, or similar source of 
danger, or any storage of explosives within 20 feet, or of highly 
inflammable material within 10 feet, of the place of storage, unless 
separated therefrom by a wall or screen of sufficient strength and 
height to prevent the communication of fire, and that [such] artificial 
light as would ignite inflammable vapour be not at any time taken 
into or near the place of storage. 

(10) That petroleum be only received into or supplied from the 
licensed premises between sunrise and sunset. 

(11) That not less than one bushel of sand be kept with every 
vessel in which petroleum is stored, and that some portion of this be 
constantly kept immediately under the tap of the vessel. 

(12) That petroleum be only conveyed to or from the licensed 
premises in closed vessels, so constructed as to be entirely free from 
leakage, and that gunpowder or other article likely to cause fire or 
explosion be not carried in a vehicle in which petroleum is being 
conveyed. 
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Carbide of (13) That carbide of calcium which contains impurities liable to 

calcium. generate phosphoretted or siliciuretted hydrogen so as to render the 

gas evolved liable to ignite spontaneously, be not kept under this 

licence. 

(14) That the total quantity of carbide of calcium kept on the 
premises at one time do not exceed. 

(15) That carbide of calcium be kept, sent or conveyed only in 
strong metal vessels, each of which shall be of a capacity not exceeding 
3696 cubic inches, and be so constructed and closed as to prevent the 
admission of water or atmospheric moisture. 

(16) That every vessel containing carbide of calcium shall bear a 
label stating in conspicuous characters the words, "Carbide of 
calcium," "Dangerous if not kept dry," and with the following 
caution — "The contents of this package are liable if brought into 
contact with moisture to give off a highly inflammable gas," and also 
the name and address of the owner or vendor in the case of carbide 
being kept, and the name and address of the sender when it is being 
conveyed. 

(17) That only one vessel containing carbide of calcium be opened 
at one time, and then only for the time necessary for the removal of 
any required quantity of carbide, or for the refilling of the vessel. 

(18) That vessels containing carbide of calcium be kept only in 



(19) That fire, or any such artificial light as would ignite inflammable 
gas, be not taken into or near any building or place where carbide of 
calcium is kept. 

(20) That the arrangements for the storage of petroleum and 
carbide of calcium, as approved by the Council and as seen by the 
Council's inspector last before the granting of this licence, be in all 
respects kept and maintained, unless the consent of the Council is 
given in writing to any departure therefrom. 

(21) That every authorised officer of the Council be at all times 
allowed free access to the premises of the licensee, for the purpose of 
ascertaining if the above conditions are properly observed ; and that 
the licensee do, by himself or his representatives, give any assistance 
for that purpose which such officer may require. 

By Order of the Council, 



Clerk of the Council. 
Spring Gardens, S.W, 
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Section g of the Petroleum Act, 1871, provides that "any liceftfee 
violating any of the conditions of his licence shall be deemed to be si. 
unlicensed person." 

This licence is NOT transferable. 

Ucceibetl the sum of Five Shillings in respect of the above licence 
(Provisional Receipt No. ). 
£0 1 5 s O 

Countersigned, 

Cashier, 
for the Comptroller. 



LONDON COUNTY COUNCIL. 

Petroleum Acts, 1871 to 1881, and Orders in eg ' 
Council as to Carbide of Calcium. 

CARBIDE OF CALCIUM LICENCE. 

PURSUANT to the provisions of the Petroleum Acts, 1871 to 
1881, and of the Order in Council, dated February 26, 1897, the 

London County Council doth hereby at the request of : 

grant licence 

to for the period of twelve calendar months from 

the _to 

keep carbide of calcium on the premises 



_in 



the parish of and within 

the jurisdiction of the said Council, subject to the conditions 
following, that is to say — 

(1) That carbide of calcium which contains impurities liable to 
generate phosphoretted or siliciuretted hydrogen so as to render the 
gas evolved liable to ignite spontaneously, be not kept under this 
licence. 

(2) That the total quantity of carbide of calcium kept on the 
premises at one time do not exceed 

(3) That carbide of calcium be kept, sent or conveyed only in 
strong metal vessels, each of which shall be of a capacity not exceed, 
ing 3696 cubic inches, and be so constructed and closed as to 
prevent the admission of water or atmospheric moisture. 
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(4) That every vessel containing carbide of calcium shall bear a 
label stating in conspicuous characters the words, "Carbide of 
calcium," " Dangerous if not kept dry," and with the following 
caution — " The contents of this package are liable if brought into 
contact with moisture to give off a highly inflammable gas/' and also 
the name and address of the owner or vendor in the case of carbide 
being kept, and the name and address of the sender when it is being 
conveyed. 

(5) That only one vessel containing carbide of calcium be opened 
at one time, and then only for the time necessary for the removal 
of any required quantity of carbide, or for the refilling of the vessel. 

(6) That vessels containing carbide of calcium be kept only in 



(7) That fire, or any such artificial light as would ignite inflam- 
mable gas, be not taken into or near any building or place where 
carbide of calcium is kept. 

(8) That the arrangements for the storage of carbide of calcium, 
as approved by the Council and as seen by the Council's inspector 
last before the granting of tliis licence, be in all respects kept and 
maintained, unless the consent of the Council is given in writing to 
any departure therefrom. 

(9) That every authorised officer of the Council be at all times 
allowed free access to the premises of the licensee, for the purpose 
of ascertaining if the above conditions are properly observed ; and 
that the licensee do, by himself or his representatives, give any 
assistance for that purpose which such officer may require. 

By Order of the Council, 



Clerk of the Council. 
Spring Gabdens, S.W. 

Section 9 of the Petroleum Act, 1871, which applies to carbide of 
calcium, provides that any " licensee violating any of the conditions of 
his licence shall be deemed to be an unlicensed person." 
This licence is NOT transferable. 

fteceibet) the sum of Five Shillings in respect of the above licence 
(Provisional Receipt No. ). 
£0 : 5 s O 

Countersigned, 

Cashier. 
for the Comptroller, 
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LONDON COUNTY COUNCIL. G 

Petroleum Acts, 1871 to 1881, and Orders in eg ' 
Council as to Carbide of Calcium. 

CARBIDE OF CALCIUM LICENCE. 

PURSUANT to the provisions of the Petroleum Acts, 1871 to 
1881, and of the Order in Council, dated February 26, 1897, the 

London County Council doth hereby at the request of 

. grant licence 

to for the period of twelve calendar months from 

the _to 

keep carbide of calcium on the premises 

in 

the parish of_ and within 

the jurisdiction of the said Council, subject to the conditions 
following, that is to say — 

(1) That carbide of calcium which contains impurities liable to 
generate phosphoretted or siJiciuretted hydrogen so as to render the 
gas evolved liable to ignite spontaneously, be not kept under this 
licence. 

(2) That the total quantity of carbide of calcium kept on the 
premises at one time do not exceed t 

(3) That carbide of calcium, except when being actually used in 
generating acetylene gas, be kept, sent or conveyed only in strong 
metal vessels, each of which shall be of a capacity not exceeding 
3G96 cubic inches, and be so constructed and closed as to prevent 
the admission of water or atmospheric moisture. 

(4) That every vessel containing carbide of calcium shall bear a 
label stating in conspicuous characters the words, " Carbide of 
calcium," "Dangerous if not kept dry," and with the following 
caution — " The contents of this package are liable if brought into 
contact with moisture to give off a highly inflammable gas, 1 ' and also 
the name and address of the owner or vendor in the case of carbide 
being kept, and the name and address of the sender when it is being 
conveyed. 

(5) That only one vessel containing carbide of calcium be opened 
at one time, and then only for the time necessary for the removal of 
any required quantity of carbide or for the refilling of the vessel. 
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(6) That vessels containing carbide of calcium be kept only in 



(7) That any quantity of carbide of calcium exceeding 2 lbs. in 
weight be only kept in a vessel or vessels securely locked, unless such 
vessel or vessels are in a locked receptacle. 

(8) That fire, or any such artificial light as would ignite inflam- 
mable gas, be not taken into or near the building or place where 
carbide of calcium is kept or used in quantities exceeding 2 lbs. 

(9) That any residue of carbide of calcium on being removed 
from a gas-making apparatus be at once mixed with at least ten 
times its bulk of water. 

(10) That any apparatus containing carbide of calcium be only 
entrusted to the charge of a person properly instructed in its 
management. 

(11) That the arrangements for the storage and use of carbide of 
calcium, as approved by the Council and as seen by the Council's 
inspector last before the granting of this licence, be in all respects 
kept and maintained, unless the consent of the Council is given in 
writing to any departure therefrom. 

12) That every authorised officer of the Council be at all times 
allowed free access to the premises of the licensee, for the purpose 
of ascertaining if the above conditions are properly observed ; and 
that the licensee do, by himself or his representatives, give any 
assistance for that purpose which such officer may require. 

By Order of the Council, 



Clerk of the Council. 
Spring Gardens, S.W. 

Section g of the Petroleum Act, 1871, which applies to carbide of 
calcium, provides that any " licensee violating any of the conditions of 
his licence shall be deemed to be an unlicensed person." 

This Licence is NOT transferable. 

t&ecctbe'b the sum of Five Shillings in respect of the above licence 
(Provisional Receipt No. ). 

£0 s 5 : O 

Countersigned, 

Cashier, 
for the Comptroller* 



APPENDIX VII. 
Petroleum Act, 1879, 

REGULATIONS AS TO CONSTRUCTION AND VERIFICATION 
OF APPARATUS FOR TESTING PETROLEUM. 

Form op Apparatus. 

(1) Every apparatus should be a copy, in form as well as in 
materials, of the model deposited with this Board. The form and 
dimensions of such model are shown in Plate II., App. III. 

(2) No greater deviation than two one-hundredths (0*02) of an 
inch should be made in the dimensions of the slide and the square 
holes on the cover of the oil cup. In other parts of the apparatus a 
deviation of one-tenth of an inch will be allowed. 

Thermometers. 

(3) Thermometers should be carefully graduated, as shown on 
p. 262. 

Name-plate on certain Apparatus. 

(4) Apparatus required for the use of any local authority under 
the Petroleum Acts should have the name of such local authority 
engraved on the front of the apparatus. 

Delivery op Apparatus. 

(5) Apparatus should be delivered at this office between 10 a.m. 
and 1 p.m. A written application or request should be sent with 
the apparatus, and when its comparison is completed due notice 
will be sent to the applicant. 

Each apparatus should be packed in a deal, or mahogany, box. 

Fee op Verification. 

(6) On the verification of each apparatus a fee of five shillings will 
be charged. 



mt, 
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BE 




Mark op Verification 

(7) The mark of veiijcation approved by the Board of Trade and 
notified in the London Gazette is of the following design : 

<3$> 



tirr, 



APPENDIX VII. 263 



Pendulum. 

(8) A model of the lead line or pendulum used with this apparatus 
may be seen at this office. 

Board of Trade, 

Standards Office, 

7, Old Palace Yard, Westminster, 
January 1, 1880. 

Note. — The blocks for the figures of the thermometers have been 
lent to us by the Controller of H.M. Stationery Office. 
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APPENDIX IX. 

STATUTORY RULES AND ORDERS.. 1903. 
No. 225. 

LOCOMOTIVE. 

Petroleum. 

Regulations dated March 18, 1903, made by the Secretauy 
of State under Section 5 of the Locomotives on High- 
ways Act, 1896, as to the Keeping and Use of Petroleum 
for the Purposes of Light Locomotives. 

Locomotives on Highways Act, 1896. 

(59 <fe CO Vict. c. 36, s. 5.) 

In promulgating the following Regulations relating to the keeping, 
conveyance and use 0/ petroleum in connection with light locomotives, 
the Secretary of State for the Home Department desires to direct public 
attention to the dangers that may arise from the careless use of the 
more volatile descriptions of petroleum, commonly known as petroleum 
spirit. Not only is the vapour titer pfrom, which is given off at ordinary 
temperature, capable of being easily ignited, but it is also capable, 
when mixed with air, of forming an explosive atmosp/iere. It is, 
therefore, necessary, in dealing with and handling the spirit, to take 
strict precautions by the employment of thoroughly sound and properly 
closed vessels, and by avoiding the use of naked lights in dangerous 
proximity, to prevent leakage of the spirit and the contact oj any form 
of artificial light with the highly inflammable vapour which it is 
always evolving. 

Regulations. 

By virtue of the powers conferred on me by the Fifth Section of 
the Locomotives on Highways Act, 1896, I hereby make the follow- 
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ing Regulations for the keeping and use of petroleum for the 
purposes of light locomotives. 

In these Regulations the expression " petroleum spirit " shall 
mean the petroleum to which the Petroleum Acts, 1871 and 1879, 
apply, provided that when any petroleum other than that to which 
the said Petroleum Acts apply, is on or in any light locomotive, or 
is being conveyed or kept in any place on or in which there is also 
present any petroleum spirit as above defined, the whole of such 
petroleum shall be deemed to be petroleum spirit. 

In these Regulations the expression " storehouse " shall mean any 
room, building, coachhouse, lean-to, or other place in which 
petroleum spirit for the purposes of light locomotives is kept in 
pursuance of these Regulations. 

1. The following shall be exempt from licence under the Petroleum 
Act, 1871, namely : 

(a) Petroleum spirit which is kept for the purpose of, or is being 
used on, light locomotives when kept or used in con- 
formity with these Regulations. 

(6) Petroleum spirit which is kept for the purpose of, or is being 
used on, light locomotives by, or by authority of, one of 
His Majesty's Principal Secretaries of State, the 
Admiralty, or other department of the Government, 
and which is subject to special Regulations. 

2. These Regulations shall apply to petroleum spirit which is kept 
for the purpose of, or is being used on, light locomotives, and for 
which (save as hereinafter provided) no licence has been granted by 
the Local Authority under the Petroleum Act, 1871, and shall not 
apply to petroleum spirit which is kept for sale, or partly for 
sale and partly for use on light locomotives, and which must be 
kept in accordance with the provisions of the Petroleum Acts as 
heretofore. 

3. Where for any special reason a person keeping petroleum spirit 
for the purpose of light locomotives applies for a licence under the 
Petroleum Act, 1871, and the Local Authority see fit to grant such 
licence, such petroleum spirit shall be subject only to Regulations 8 
to 13, and the conditions of such licence, in so far as the said 
conditions are not contrary to the said Regulations 8 to 13. 

4. Where a storehouse forms part of, or is attached to, another 
building, and where the intervening floor or partition is of an 
unsubstantial or highly inflammable character, or has an opening 
therein, the whole of such building shall be deemed to be a storehouse, 
and no portion of such storehouse shall be used as a dwelling or as a 
place where persons assemble. A storehouse shall have a separate 
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entrance from the open air distinct from that of any dwelling 
or building in which persons assemble. 

5. The amount of petroleum spirit to be kept in any one store- 
house, whether or not upon light locomotives, shall not exceed 
GO gallons at any one time. 

6. Where two or more storehouses are in the same occupation 
and are situated within 20 feet of one another, they shall for the 
purposes of these Regulations be deemed to be one and the same 
storehouse, and the maximum amount of petroleum spirit pre- 
scribed in the foregoing Regulation shall be the maximum to be 
kept in all such storehouses taken together. Where two or more 
storehouses in the same occupation are distant more than 20 feet 
from one another, the maximum amount shall apply to each store- 
house. 

7. Any person who keeps petroleum spirit in a storehouse which 
is situated within 20 feet of any other building whether or not in 
his occupation, or of any timber stack or other inflammable goods 
not owned by him, shall give notice to the local authority under the 
Petroleum Acts for the district in which he is keeping such 
petroleum spirit, that he is so keeping petroleum spirit, and shall 
renew such notice in the month of January in each year during the 
continuance of such keeping, and shall permit any duly authorised 
officer of the local authority to inspect such petroleum spirit at any 
reasonable time. This Regulation shall not apply to petroleum 
spirit kept in a tank forming part of a light locomotive. 

8. Every storehouse shall be thoroughly ventilated. 

9. Petroleum spirit shall not be kept, used, or conveyed except in 
metal vessels so substantially constructed as not to be liable, except 
under circumstances of gross negligence or extraordinary accident, 
to be broken or become defective or insecure. Every such vessel 
shall be so constructed and maintained that no leakage, whether of 
liquid or vapour, can take place therefrom. 

10. Every such vessel, not forming part of a light locomotive, 
when used for conveying or keeping petroleum spirit shall bear the 
words <f petroleum spirit highly inflammable " legibly and indelibly 
stamped or marked thereon, or on a metallic or enamelled label 
attached thereto, and shall be of a capacity not exceeding two 
gallons. 

11. Before repairs are done to any such vessel, that vessel shall, 
as far as practicable, ba cleaned by the removal of all petroleum 
spirit and of all dangerous vapours derived from the same. 

12. The filling or replenishing of a vessel with petroleum spirit 
shall not be carried on, nor shall the contents of any such vessel be 
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exposed in the presence of fire or artificial light, except a light of 
such construction, position or character, as not to be liable to ignite 
any inflammable vapour arising from such spirit, and no fire or 
artificial light capable of igniting inflammable vapour shall be brought 
within dangerous proximity of the place where any vessel containing 
petroleum spirit is being kept. 

13. In the case of all petroleum spirit kept or conveyed for the 
purpose of, or in connection with, any light locomotive, (a) all due 
precautions shall be taken for the prevention of accidents by fire or 
explosion, and for the prevention of unauthorised persons having 
access to any petroleum spirit kept or conveyed, and to the vessels 
containing or intended to contain, or having actually contained, the 
same ; and (b) every person managing, or employed on, or in con- 
nection with, any light locomotive shall abstain from every act 
whatever which tends to cause fire or explosion, and which is not 
reasonably necessary, and shall prevent any other person from com- 
mitting such act. 

14. These Regulations shall come into operation on the 18th day 
of March, 1903, from which date the Regulations dated 3rd 
November, 189G, and the 2Gth day of April, 1900, are hereby 
repealed. 

A. AKERS-DOUGLAS, 
One of His Majesty's Principal Secretaries of State. 

Whitehall, S.W., 18*A March, 1903. 

Note. — From the above Regulations it will be seen that tJiere are 
tioo mctJiods in which petroleum spirit required for use in motor cars 
may be kept. The first of these will be Vie usual method, namely, to 
keep in accordance with these regulations ; but where a person finds 
that for some special reason he cannot observe one of the Regulations 
4, 6, or 6, he may resort to the second method, namely, to apply to Hie 
Local Authority for a licence. In such cases the place will be examined 
by the Local Authority Officer who will advise the Local Authority as 
to its suitability for licence. Where a licence has been granted 
Regulations 4 to 7 no longer apply. 

In no case is petroleum spirit kept wholly or partly for sale exempt 
from the necessity of a licence. 
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STATUTORY RULES AND ORDERS, 1905. 
No. 113. 

LOCOMOTIVE. 
Petroleum. 

Regulations bated February 11, 1905, made bt the Secretary 
of State under Section 5 of the Locomotives on Highways 
Act, 1896, as to the Keeping and Use of Petroleum for 
the Purposes of Light Locomotives. 

Locomotives on Highways Act, 1896. 

(59 <fc 60 Vict., c. 36, Section 5.) 

Regulations. 

In virtue of the powers conferred on me by the Fifth Section of 
the Locomotives on Highways Act, 1896, I hereby make the 
following Regulations for the keeping and use of petroleum for the 
purposes of light locomotives. 

(1.) The expression 'Storehouse" in the Regulations of March 
18th, 1903, shall include an open-air place of storage, when and so 
long as due precautions for the prevention of unauthorised persons 
having access to the petroleum spirit are taken in pursuance of No 
13 of the said Regulations. 

(2.) The limitation of capacity prescribed in No. 10 of the 
Regulations of March 18th, 1903, shall not apply in any place of 
storage which is licensed under the Petroleum Act, 1871, unless such 
limitation is required by the conditions of the licence. 

A. AKERS-DOUGLAS, 
One of His Majesty's Principal Secretaries of State. 

Whitehall, 11th February, 1905. 

Note. — Regulation 2 above is intended to meet the case of motor 
omnibuses and other large vehicles, of which Hue petroleum tanks are of 
large capacity. It is on the whole safer that such tanks should be filled 
by pumping from the storage vessel rather than by pouring from a 
considerable number of two-gallon cans. On the other hand, it u 
undesirable that the tank of the vehicle should be filed by pouring from 
a large storage vessel. The Local Authority should, therefore, in 
granting a Iwencefor the storage of petroleum spirit for the purpose of 
light locomotives, impose a condition to the effect that where the tank 
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on the locomotive is not filled from two-gallon cans, a safe and suitable 
pumping arrangement shall be used for such filling. 

The Local Authority should also satisfy themselves that there are no 
special circumstances in connection with the place of storage which 
render it undesirable that the petroleum should be kept in vessels of a 
larger capacity than two gallons. 



No. 1147. 

LOCOMOTIVE. 

Motor Cars. 

Use of Petroleum for Motor Cars. 

Regulation, dated October 27, 1905, made by the Secretary of 
State (supplementary to the Regulations of the 18th 
March, 1903, under Section 5 of the Locomotives ox 
Highways Act, 1896), with reference to the Keeping or 
Use of Petroleum Spirit by or under the control of any 
Government Depaitm^nt. 

Locomotives on Highways Act, 1896, and 
Motor Car Act, 1903. 

Whereas Regulations for the keeping and use of petroleum for 
the purposes of light locomotives have been made under the fifth 
section of the Locomotives on Highways Act, 189G, and dated 
March 18th, 1903; and 

Whereas by the Motor Oar Act, 1903, the said Act of 1890 
is made applicable to persons in the public service of the Crown ; 
Now, therefore, I hereby declare that : 

The said Regulations, dated March 18th, 1903, shall not 
apply to the keeping or use of petroleum spirit by or under the 
control of any Government Department. Such keeping or 
use may be the subject of Regulations to be made by the 
Department concerned. 

A. AKERS-DOUGLAS, 
One of His Majesty's Principal Secretaries of State. 

Whitehall, 27th October, 1905. 
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SPECIFICATIONS OF TANK DEPOTS AND SCREEN WALLS. 
(Proposed to be included in an Act of Parliament.) 

General. 

Any tank which satisfies the following conditions shall be deemed 
to be a tank dep6t for the purposes of this Act : 

(1) It must be constructed of good metal. 

(2) It must be properly tested before use, and seen to be perfectly 
tight and staunch. 

(3) It must at all times while in use be so well fitted that the 
inflammable liquid contained in it cannot escape therefrom in the 
form of liquid, whether under the action of fire or otherwise. 

(4) If it has a ventilating pipe, that pipe must be of suitable 
character and construction, and its orifice must be effectively pro- 
tected by wire gauze. 

(5) Every other opening in the tank, whether to be used as a 
manhole or for a pipe or other purpose, not being such a ventilating 
pipe as aforesaid, must have a neck whose length is at least equal to 
one-half of the diameter of the opening, and every such opening, 
when not in actual use, must be securely closed by an effective and 
properly secured cap, cover or tap. 

(6) It must be further constructed as hereunder specified accord- 
ing as it is an underground or overground tank — that is to say : 

I. Underground Tanks. 

A tank shall be deemed to bo an underground tank which is 
wholly sunk in and surrounded by solid rock or earth, and the top 
of which is protected by a substantial covering of not less than nine 
inches of solid earth, sand, or concrete. There must be no opening 
in such top or covering, other than such manholes, pipes, pumps, or 
other connections as may be necessary. 

Every underground tank must be constructed of strong iron or 
steel tank-plates well riveted together and thoroughly caulked 
The tops and sides must be supported and strengthened by such 
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uprights, girders, anjrle-irons, and ties as, having regard to the 
capacity and situation of the tank, may be necessary to render the 
tank thoroughly substantial and effective. 

The underground space in which the tank is enclosed must be of 
such construction and character that mineral oil cannot escape 
therefrom in the form of liquid, whether under the action of fire or 
otherwise, so as to reach either directly or indirectly any other place 
where inflammable liquid is kept, or any protected work,* or any river, 
sewer, stream or drain. 

II. OvEKGHOUND TANKS. 

Every tank shall be deemed to be an overground tank which in 
respect of situation does not satisfy the conditions hereinbefore 
specified for an underground tank. 

If the tank is to be placed or fixed elsewhere in a building than on 
the basement, its position must be approved by the local authority. 

(a) Every tank of a capacity not exceeding 60 gallons must be well 
constructed of galvanised iron of such strength, having regard to its 
size, and with seams so securely closed and fastened, as to form an 
effective receptacle for the inflammable liquid which it contains. 

(b) Every tank of a capacity exceeding 60 but not exceeding 
1000 gallons must be constructed of good galvanised iron plates of 
such thickness, and with rivets of such size, and at such distances 
apart (measured from centie to centre) as appear in the following 
scale: 



For tanks of a 

capacity not 

exceeding 



100 Gallons 
250 „ 
500 „ 



1000 



Thickness of plates not less 
than 



Size of 
rivets not 
less than 



T V inch . 
£ inch 
£ inch 

( T \ inch if cylindrical \ j 
\J inch if any other shape/ 



inch 



! I 



T«r » 



Distance of 

rivets apart 

not more 

than 



inch 



l| 



If the tank has a capacity exceeding 60 but not exceeding 250 
gallons, it must rest on the ground, or on brick or stone piers, or 
must be securely and adequately supported on strong girders. 

If the tank has a capacity exceeding 250 but not exceeding 1000 

* For definition of Protected Work tee p. 164. 
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gallons, it must be properly stiffened with vertical angle-irons and 
cross-stays, and must rest on solid foundations of concrete, brick, or 
stone. 

(c) Every tank of a capacity exceeding 1000 gallons must be 
cylindrical in shape, and must not exceed 26. feet in height or 35 feet 
in diameter. The top of the tank must be constructed of plates of 
a thickness of £ inch, riveted with § inch rivets, not more than 1 £> 
inch apart, and supported by a sufficient number of strong and 
efficient angle-irons and ties, and where necessary by king posts. 

The sides and bottom of the tank must be of best iron or steel 
tank plates of at least the following thicknesses : 

Namely, within 10 feet from the top of the tank . £ inch thick. 
„ over 10 and within 20 feet from the top of 

the tank "nr >» 

„ over 20 feet from the top of the tank . £ „ 

„ bottom of tank £ „ 

The plates must be riveted by f inch best rivets driven hot, and 
not more than l£ inch apart measured from centre to centre, and 
all vertical seams must be double riveted. 

Every such tank must be erected on good solid foundations, upon 
which the entire bottom surface shall have a fair bearing, and must 
be strengthened throughout by a sufficient number of strong and 
efficient angle-irons and cross-stays. 

If the tank has a capacity of more than 15,000 gallons, it must 
be constructed as hereinbefore described, and further, must be 
separately surrounded by a wall of such dimensions and substantial 
construction, or must be partially sunk in an excavation in such a 
manner that the total quantity of mineral oil capable of being con- 
tained in the tank could be altogether contained in the enclosure 
formed by such wall or excavation, and could not escape therefrom 
in the form of liquid, whether under the action of fire or otherwise ; 
and the space formed by such wall or excavation, so far as not 
occupied by the tank, must be kept entirely free and unoccupied* 



Specification op Screen Wall. 

A screen wall must be substantially constructed of good hard 
bricks, or such good building stone, not being limestone, or such 
concrete as may be approved by the local authority, properly 
bonded, and solidly put together with good mortar or cement, on 
proper footings and foundations. 
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A screen wall must be of a thickness of not less than as follows : 

Within 16 feet of the top of the wall, 13 inches. 
Over 16 feet, and within 32 feet of the top of the wall, 17 J inches. 
»> *2 „ „ 48 „ ,, „ |, 22 „ 

and in like proportion for any greater height. 

A screen wall must be strengthened by two or more transverse 
buttresses of similar construction to the wall. The buttresses must 
be carried up to the top of the wall and properly bonded thereto, 
and must not be more than 20 feet distant from each other. Each 
buttress must, at its base, project from each side of the wall not less 
than one-eighth the height of the wall, and at its top not less than 
nine inches. There must be no window, door, or other opening in 
a screen wall, other than such fire-proof doors as are necessary for 
the purposes of access to the premises, and are open only when 
required for the said purposes. 
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SUGGESTIONS FOR THE CARE AND USE OF PETROLEUM 

LAMPS. 

{1) The wick should quite fill the wick-tube, without having to be 
squeezed into it. 

(2) Before using, the wick should be dried at the fire, and then 
immediately soaked with oil. 

(8) Wicks should be in lengths of not more than 10 inches, and 
«hould always reach to the bottom of the oil container. 

(4) It is well to change the wick after two months' use. 

(5) See that the chimney of the lamp fits properly and is held 
sufficiently tightly so as not to fall off when the lamp is used. 

(6) When a new wick or chimney is required, it is always 
advisable to take the burner to the shop that it may be properly 
fitted. 

- (7) The burner should be taken to pieces and thoroughly cleansed 
at least once a month, and all burnt pieces of wick, dead flies, dirt, 
<fcc., should be carefully removed. 

(8) Never refill the lamp when it is alight, or near a fire or other 
light. 

(9) After filling see that the burner is properly fixed on, and if 
there is a side filling-hole, be careful to screw in the plug. 

(10) Before lighting remove the burnt crust of the wick. 

(11) Be careful not to spill oil in filling, and if any is spilt on tli>> 
lamp, to wipe it off. 

(12) Before lighting see that the slit in the cone of the burner is 
exactly in line with the wick-tube, so that the flame will not touch 
the metal. 

(13) When first lit, the wick should be partially turned down, 
and then gradually raised but not so as to smoke. When the edge 
of the flame is orange- coloured the lamp is not burning properly, and 
the burner should be examined. 

(14) Do not continue to burn the oil until it is completely ex- 
houbted. It is best to keop the lamp well filled. 
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(15) Lamps which have no extinguisher should be put out as 
follows : The wick should be turned down until there is only a small 
flickering flame, care being taken not to turn down so far that the- 
wick falls into the oil container. The small flame may be extinguished 
by placing a piece of flat tin or card on the top of the chimney, or by 
blowing across the top of the chimney. Never blow down the* 
chimney. 

(16) Never use a lamp which is broken or in any way out of order, 
or a chimney which is cracked. If any part comes loose, or is out 
of shape or defective, it should be taken to a lamp shop to be re- 
paired. 

(17) Always place the lamp in a secure place and on a level surface,, 
and never on a rickety table or in any position where it could be- 
easily upset. Hanging lamps should not be put on insecure nails in 
the wall. 

(18) Table lamps should not be carried about more than is- 
necessary, and nothing else should be carried at the same time. 
Heavy lamps should be carried in both hands. The greater number 
of accidents have been caused by dropping a lamp while it was beings 
carried. 

(19) Lamps should not be turned down except for the purpose of 
putting them out. If turned low the oil is apt to be unduly 
heated. 

(20) Should a person's clothes become ignited, the flames should 
be smothered with a hearthrug, blanket, woollen table cloth, or wet 
towel. 

(21) NEVER POUR OIL ON A FIRE. 



Note. — Ihese suggestions have been amplified in a small book by the 
tuthors entitled u The Petroleum Lamp, Its Choice and Use" published 
by Charles Gr\fin and Co. Ltd. Exeter Street, Strand, W.<X 
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Petroleum Act, 1871. 

CARBIDE OF CALCIUM. 

Order in Council op February 26, 1897; Published in the 
" London Gazette" of March 2, 1897. 

At the Court at Windsor, the 26th day of February, 1897. 

present : 

The Queen's Most Excellent Majesty in Council. 

Whereas it is provided by the Petroleum Act, 1871, that Her 
Majesty may, from time to time, make, revoke, and vary Orders in 
Council directing that the said Act or any part thereof shall apply 
to any substance, and that the said Act or the part thereof specified 
in any such Order shall, during the continuance of the Order, apply 
to such substance, and shall be construed and have effect as if such 
substance had been included in the definition of petroleum to which 
that Act applies, subject to the following qualifications : 

(1) The quantity of any substance to which this Act is directed 
by Order in Council to apply which may be kept without a licence, 
shall be such quantity only as is specified in that behalf in such 
order, or if no such quantity is specified no quantity may be kept 
without a licence. 

(2) The label on the vessel containing such substance shall be such 
as may be specified in that behalf in the Order. 

And whereas the Petroleum Act, 1879, and the Petroleum 
(Hawkers) Act, 1881, are to be construed as one with the Petroleum 
Act of 1871, and may, together with such Act, be cited as the 
Petroleum Acts, 1871 to 1881 : 

And whereas carbide of calcium presents dangers similar to those 
presented by petroleum : 

Now, therefore, in pursuance of the above-mentioned provisions 
of the Petroleum Act, 1871, Her Majesty is pleased, by and with 
the advice of Her Privy Council, to order and prescribe that the 
under-mentioned parts of the Petroleum Acts, 1871 to 1881, shall 
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apply to the said substance, carbide of calcium, in the same manner 
as if the said substance were petroleum to which the Acts applj 
viz. : 

The whole of the Petroleum Acts, 1871 to 1881, except : 

(a) So much of Section 6 of the Petroleum Act, 1871, as 

specifies the nature of the label to be on the vessel, in 
lieu of which the label shall be as hereinafter provided. 

(b) So much of Section 7 of the Petroleum Act, 1871, as relates 

to the exemption from such section of small quantities 
under certain specified conditions, and no quantity of 
carbide of calcium may be kept except in pursuance of 
such licence as in the said Section 7 is provided. 

(c) So much of Section 11 of the Petroleum Act, 1871, as 

relates to the testing of samples taken by an officer of 
the local authority under the powers conferred by such 
section. 
(<£) So much of the Petroleum Act, 1879, as relates to the testing* 

of petroleum, 
(e) So much of the Petroleum Act, 1881, as relates to the 
hawking of petroleum. 
The label on the vessel containing the said carbide of calcium 
shall bear in conspicuous characters the words " Carbide of calcium ,' r 
" Dangerous if not kept dry," and with the following caution : " The 
contents of this package are liable if brought into contact with 
moisture to give off a highly inflammable gas," and with the 
addition : 

(a) In the case of a vessel kept, of the name and address of the 

consignee or owner. 

(b) In the case of a vessel sent or conveyed, of the name and 

address of the sender. 

(c) In the case of a vessel sold or exposed for sale, of the name 

and address of the vendor. 
This Order shall come into effect on the 1st of April, 1897. 

C. L. PEEL, 
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STATUTORY RULES AND ORDERS, 1904. 
No. 1659. 

PETROLEUM. 
Carbide of Calcium. 

Order in Council amending Order in Council op February 26, 
1897, directing that certain portions of the petroleum 
Acts, 1871 to 1881, shall apply to Carbide op Calcium. 

At the Court at Buckingham Palace, the 24th day of October, 

1904. 

Present : 
The King's Most Excellent Majesty in Council. 

Whereas it is expedient to exempt small quantities of carbide of 
calcium, when kept under certain conditions, from the operation of 
the Order in Council of the 26th February, 1897, in virtue of which 
certain parts of the Petroleum Acts, 1871 to 1881, are applied to 
carbide of calcium in the same manner as if the said substance were 
petroleum to which the Act applies : 

Now, therefore, His Majesty is pleased, by and with the advice of 
his Privy Council, to order and prescribe that, notwithstanding 
anything to the contrary in the said Order in Council, the quantity 
of carbide of calcium which may be kept without a licence shall be 
as follows : 

1. Where the carbide is kept in separate hermetically- 
closed metal vessels containing not more than 1 lb. each . 5 lbs. 

2. Where the following conditions are observed : . . 28 lbs. — 
(a) The carbide shall be kept only in a metal vessel or vessels 

hermetically closed at all times when the carbide is not 

actually being placed in or withdrawn from such vessel 

or vessels. 
(6) The vessels containing carbide shall be kept in a dry and 

well-ventilated place, 
(c) Due precautions shall be taken to prevent unauthorised 

persons from having access to the carbide. 
{<£) Notice shall be given of such keeping to the Local 

Authority, and free access shall be afforded to their 

duly authorised Inspector to inspect the portion of the 
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promises where the carbide is kept and the generator is 
situated. 

Where a fixed generator is used on the premises : 
{e) There shall be exhibited near the generator a certificate 
signed by the maker or supplier of the generator, that 
the generator complies with the Regulations as to 
Acetylene Generators issued by the Acetylene Associa- 
tion. 
(/) Full and detailed instructions as to the care and use of the 
generator shall be kept constantly posted up in such 
place as to be conveniently referred to by the generator 
attendant. 

Conditions (e) and (/) do not apply to lamps for 
vehicles or other portable lamps. 

Where it is desired to keep a greater quantity or 
where the above conditions cannot be complied with, 
application must be made to the Local Authority for a 
licence. 

The Order in Council dated July 7th, 1897, amending the Order 
in Council of February 26th, 1897, is hereby repealed. 

A. W. FITZROY. 



STATUTORY RULES AND ORDERS, 1905, 
No. 1128. 

EXPLOSIVE SUBSTANCE. 

Order of Secretary of State (No. 5a), dated September 29, 
1905, relating to Compressed Acetylene in Admixture 
with Oil-Gas. 

Explosives Act, 1875. 

38 Vict., cap. 17. 

Whereas by an Order in Council, dated 26th November, 1897, 
made under Section 104 of the Explosives Act, 1875, it is declared 
that acetylene when liquid, or when subject to a certain degree of 
compression, shall be deemed to be an explosive within the meaning 
of the said Act : 



APPENDIX XII. 281 

And whereas by the said Order in Council it is provided that if it 
be shown to the satisfaction of the Secretary of State that acetylene, 
declared to be an explosive by the said Order, when in admixture 
with any substance, or in any form or condition, is not possessed of 
explosive properties, the Secretary of State may by Order exempt 
such acetylene from being deemed to be an explosive within the 
meaning of the said Act : 

And whereas it has been shown to the satisfaction of the 
Secretary of State that acetylene, when in admixture with a gas 
manufactured from mineral oil (hereinafter referred to as oil-gas) in 
certain proportions, and not compressed beyond a certain pressure, is 
not possessed of explosive properties : 

Now, therefore, in exercise of the powers aforesaid, I, one of 
His Majesty's Principal Secretaries of State, hereby order as 
follows : 

Subject to the conditions hereinafter specified, acetylene, when in 
admixture with oil-gas, shall not be deemed to be an explosive 
within the meaning of the said Act when under compression, pro- 
vided that : 

(1) The acetylene shall be generated only by the Atkins Dry 

Process. 

(2) The proportion of acetylene shall not exceed fifty parts by 

volume in every one hundred parts of the mixture of 
acetylene and oil-gas. 

(3) The acetylene and oil-gas shall be mixed together in a 

chamber or vessel before the gases are subjected to com- 
pression. 

(4) The mixture shall not be compressed to a pressure exceeding 

one hundred and fifty pounds per square inch. 

A. AKERS-DOTJGLAS, 
One of His Majesty's Principal Secretaries of State. 

Whitehall, 2dth September, 1905. 
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ORDER IN COUNCIL No. 17, 

Explosives Act, 1875. 

(38 Vict. c. 17.) 

Order in Council relating to Acetylene Gas. 

At the Court at Windsor, the 26th day of November, 1897. 

Present : 

The Queen's Most Excellent Majesty in Council. 

Whereas by section one hundred and four of the Explosives Act, 
1875, it is enacted that Her Majesty may, by Order in Council, 
declare that any substance which appears to Her Majesty to be 
specially dangerous to Lfe or property by reason either of its 
explosive properties, or of any process in the manufacture thereof 
being liable to explosion, shall be deemed to be an explosive within 
the meaning of the said Act, and the provisions of the said Act 
(subject to such exceptions, limitations, and restrictions as may be 
specified in the Order) shall accordingly extend to any such substance 
in like manner as if it were included in the term explosive in the 
said Act : 

And whereas acetylene when liquid or subject to a certain degree 
of compression is specially dangerous to life or property by reason of 
its explosive properties : 

Now, therefore, Her Majesty is pleased by and with the advice 
of Her Privy Council to order and declare, and be it ordered and 
declared as follows : 

Acetylene when liquid or when subject to a pressure above that of 
the atmosphere capable of supporting a column of water ex- 
ceeding one hundred inches in height and whether or not in 
admixture with other substances, t-hall be deemed to be an 
explosive within the meaning of the said Act, subject to the 
following exception ; that if it be shown to the satisfaction of 
the Secretary of State that acetylene, declared to be explosive 
by this Order when in admixture with any substance, or in any 
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form or condition, is not possessed of explosive properties, the 

Secretary of State may by Order exempt such- acetylene from 

being deemed to bo an explosive within the said Act. 

And whereas by section forty-three of the Explosives Act, 1 875, 

it is provided that Her Majesty from time to time by Order in 

Council, may prohibit, either absolutely or except in pursuance of a 

licence of the Secretary of State under the said Act, or may subject 

to conditions or restrictions the manufacture, keeping, importation 

from any place out of the United Kingdom, conveyance, and sale, 

or any of them, of any explosive which is of so dangerous a character 

that in the judgment of Her Majesty it is expedient for the public 

safety to make such Order : 

And whereas it is in the judgment of Her Majesty expedient for 
the public safety that acetylene, when an explosive within the 
meaning of this Order, shall be prohibited : 

Now, therefore, in pursuance of the above-mentioned provision 
of this Act, Her Majesty is pleased, by and with the advice of Her 
Privy Council, to order and prescribe that acetylene declared to be 
an explosive by this Order shall be prohibited from being manufactured, 
imported, kept, conveyed, or sold. 

C. L. PEEL. 



ORDER IN COUNCIL No. 18. 

STATUTORY RULES AND ORDERS, 1900. 
No. 345. 

EXPLOSIVE SUBSTANCE. 

Obdeb in Council Prohibiting the Manufacture, Importation, 
Keeping, Conveying or Sale op Acetylene when an Explo- 
sive as defined by the Order. 

At the Court at Windsor, the 15th day of May, 1900. 

Present : 

The Queen's Most Excellent Majesty in Council. 

Whereas by section one hundred and four of the Explosives Act, 
1875, it is enacted that Her Majesty may, by Order in Council, 
declare that any substance which appears to Her Majesty to be 
specially dangerous to life or property by reason either of its explo- 
sive properties, or of any process in the manufacture thereof being 
liable- to explosion, shall be deemed to be an explosive within 
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the meaning of the said Act, and the provisions of the said Act 
(subject to such exceptions, limitations, and restrictions as may be 
specified in the Order) shall accordingly extend to any such substance 
in like manner as if it were included in the term explosive in the 
said Act : 

And whereas acetylene when in admixture with air or oxygen is 
specially dangerous to life or property by reason of its explosive 
properties : 

And whereas the provisions of section one of The Rules Publication 
Act, 1893, have been complied with : 

Now, therefore, Her Majesty is pleased by and with the advice of 
Her Privy Council to order and declare and be it ordered and declared 
as follows : 

Acetylene when in admixture with atmospheric air or with oxygen 
gas in whatever proportion and at whatever pressure and whether or 
not in admixture with other substances shall be deemed to be an 
explosive within the meaning of the said Act. 

And whereas by section forty-three of the Explosives Act, 1875, 
it is provided that Her Majesty, from time to time by Order in 
Council, may prohibit, either absolutely or except in pursuance of 
a licence of the Secretary of State under the said Act, or may subject 
to conditions or restrictions the manufacture, keeping, importation 
from any place out of the United Kingdom, conveyance, and sale or 
any of them, of any explosive which is of so dangerous a character 
that in the judgment of Her Majesty it is expedient for the public 
safety to make such Order : 

And whereas it is in the judgment of Her Majesty expedient for 
the public safety that acetylene in admixture with air or oxygen, 
when an explosive within the meaning of this Order, shall be 
prohibited : 

Now, therefore, Her Majesty is pleased, by and with the advice of 
Her Privy Council, to order and prescribe that acetylene in admixture 
with air or oxygen, declared to be an explosive by this Order, shall be 
prohibited from being manufactured, imported, kept, conveyed, or 
sold. 

Provided that nothing in this Order shall apply to acetylene in 
admixture with air when such admixture takes place only in a burner 
or contrivance in which the mixture is intended to be burnt. 

Provided also that nothing in this Order shall be held to apply to 
an admixture of acetylene and air which may unavoidably occur in 
the first use or re-charging of an apparatus, properly designed and 
constructed with a view to the production of pure acetylene. 

A. W. FITZItOY. 
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STATUTORY RULES AND ORDERS, 1898. 
No. 248. 

EXPLOSIVE SUBSTANCE. 
Order op Secretary of State (No. 5), dated March 28, 189<S 

RELATING TO COMPRESSED ACETYLENE IN ADMIXTURE WITH OlL- 

gas. (For Order No. 5a see p. 280.) 

Explosives Act, 1875. 

(38 Vict. c. 17.) 

Whereas by an Order in Council, dated November 2G, 1897, made 
under section 104 of the Explosives Act, 1875, it is declared that 
acetylene when liquid, or when subject to a certain degree of com- 
pression, shall be deemed to be an explosive within the meaning of 
the said Act : 

And whereas by the said Order in Council it is provided that 
if it be shown to the satisfaction of the Secretary of State that 
acetylene, declared to be an explosive by the said Order when in 
admixture with any substance, or in any form or condition, is not 
possessed of explosive properties, the Secretary of State may by 
Order exempt such acetylene from being deemed to be an explosive 
within the meaning of the said Act : 

And whereas it has been shown to the satisfaction of the 
Secretary of State that acetylene, when in admixture with a gas 
manufactured from mineral oil (hereinafter referred to as oil -gas) in 
certain proportions, and not compressed beyond a certain pressure, 
is not possessed of explosive properties : 

Now, therefore, in exercise of the powers aforesaid, I, one of Her 
Majesty's Principal Secretaries of State, hereby order as follows : 

Acetylene in admixture with oil-gas in a proportion not exceeding 
twenty parts by volume of acetylene in every one hundred parts of 
the mixture, when subjected to a pressure not exceeding one hundred 
and fifty pounds to the square inch, shall not be deemed to be an 
explosive within the meaning of the said Act. 

Provided that the acetylene and oil-gas shall be mixed together 
in a chamber or vessel before the gases are subjected to com- 
pression. 

M. W. RTDLEY. 

Whitehall, 

March 28, 1898. 
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STATUTORY RULES AND ORDERS, 1901. 
No. 310. 

EXPLOSIVE SUBSTANCE. 

Oiidee op Secretary op State (No. C), dated April, 10, 1901, 

RELATING TO ACETYLENE COMPRESSED INTO POROUS SUBSTANCES 
WITH AND WITHOUT ACETONE. 

Explosives Act, 1875. 

(38 Vict. c. 17.) 

Whereas by an Order in Council dated 26th November, 1897, 
made under Section 104 of the Explosives Act, 187T), it is declared 
that acetylene when liquid or when subject to a certain degree of 
compression, shall be deemed to be an explosive within the meaning 
of the said Act. 

And whereas by the said Order in Council it is provided that if it 
be shown to the satisfaction of the Secretary of State that acetylene, 
declared to be an explosive by the said Order, when in admixture 
with any substance, or in any form or condition, is not possessed of 
explosive properties, the Secretary of State may, by Ord«r, exempt 
such acetylene from being deemed to be an explosive within the 
meaning of the said Act. 

And whereas it has been shown to the satisfaction of the Secretary 
of State that acetylene, when compressed into a certain porous 
substance, and into a certain other porous substance containing 
acetone, is not possessed of explosive properties. 

Now, therefore, in exercise of the powers aforesaid, I, being 
one of His Majesty's Principal Secretaries of State, hereby order as 
follows : — 

Subject to the conditions hereinafter specified, acetylene when 
compressed into porous substances, with or without acetone shall 
not be deemed to be an explosive within the meaning of the said 
Act, provided that : — 

(1) The porous substances to be used, with or without acetone, 

shall be similar in every respect to samples deposited at 
the Home Office. 

(2) The porous substance shall fill, as completely as possible, 

the cylinder or other vessel into which the acetylene 
is compressed. 



APPENDIX XIII. 287 

(S) The porosity of the substance shall not exceed eighty per 
cent. 

(4) Due precaution shall be taken to exclude air from every 

part of the apparatus before the acetylene is compressed. 

(5) Due precaution shall be taken to prevent undue rise of 

temperature in compressing the acetylene. 

(6) The pressure shall not exceed one hundred and fifty pounds 

to the square inch. 

(7) Every cylinder or other vessel into which acetylene is to 

be compressed shall be tested by hydraulic pressure of not 
less than double the pressure to which the vessel is to be 
submitted into use, such hydraulic pressure being main- 
tained for a period of not less than ten minutes. 

(8) In the case where acetone is used for absorbing the 

acetylene, due precaution shall be taken that the quantity 
ot acetone is such that when fully charged with acetylene 
it does not completely fill the porosity of the porous 
substance. 

(9) The compression of the acetylene shall be carried out only 

on such premises as shall have been approved in writing 
by one of His Majesty's Inspectors of Explosives. 

(10) Every cylinder or other vessel in which acetylene has 

been compressed in virtue of this Order 6hall be legibly 
marked with the words — 

" Acetylene compressed into porous substance exempted 

by Order of Secretary of State dated 10th April, 

1901," 
together with the name of the firm by whom the vessel 
has been charged. 

(11) Every facility shall be given to His Majesty's Inspectors 

of Explosives to inspect the apparatus and methods by 
which the cylinders or other vessels are charged in virtue 
of this Order. 

CHAS. T. RITCHIE. 
Whitehall, 

April 10, 1901. 
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LONDON COUNTY COUNCIL. 

Report as to licensed premises in the County of London, upon 
which petroleum, under the acts, is used in trade or 
manufacture. 

Presented to the Sanitary and Special Purposes Committee, Novem- 
ber 14, 1890. 

Petroleum Acts. 

In accordance with the instructions of the committee at their 
meeting on October 31, that I should prepare a report sub- 
mitting a list of the businesses carried on ia London in which 
petroleum spirit is used in manufacturing processes or otherwise, I 
have to report as follows : 

The following is a list of the businesses, in which petroleum is so 
used, carried on in the county of London under the licences of the 
Council : 

Dry Cleaners (21 licensed premises). 

Helmet Manufacturers (5 licensed premises). 

Tennis Shoe Manufacturers (4 licensed premises). 

Indiarubber Manufacturers (12 licensed premises). 

Waterproof Garment Manufacturers (41 licensed premises). 

Glass Silverers (14 licensed premises). 

Paint Manufacturers (G licensed premises). 

Glove Cleaners (41 licensed premises). 
The licences granted in respect of all these businesses have special 
* conditions attached, with a view to safety, and in some cases these 
conditions appear to be fully adequate, as they probably reduce the 
danger in the particular processes carried on to the minimum. In 
some of the businesses, however, it may be desirable to make some 
addition to the existing precautions. 

Whenever mineral spirit or its inflammable vapour is liable to be 
present in workrooms in dangerous quantity, the following precau- 
tions should, wherever possible, be adopted : 
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(a) The workroom should be a detached fire-proof building on & 
level with the ground. 

(b) The workroom should be well ventilated, both at the ground 
and ceiling levels. 

(c) The workroom should be provided with doors opening outwards, 
in order to facilitate the escape of the workpeople in case of accident. 

(d) The process in which mineral spirit is used should be carried 
on in closed vessels, and where that is not possible, the exposure of 
spirit should be reduced to a minimum, in order to lessen the 
formation of inflammable vapour. 

(e) Such artificial light as would ignite inflammable vapour should 
be wholly excluded from workrooms in which mineral spirit is used. 
The only artificial light allowed should be incandescent electric 
light, or a form of gas light where the light is so enclosed as not to 
be in contact with the air of the workroom. 

Taking the Businesses in the order in which they appear in the 
above list, the first to be dealt with is — 

(1) Dry Cleaners. — In this business mineral spirit is Used, 
generally in large quantity, in the cleaning of dress material and 
other substances. The spirit is kept in specially constructed stores, 
and the cleaning takes place in specially constructed buildings. 

Practically all the conditions for safety already indicated are 
insisted on by the conditions attached to licences granted to dry 
cleaners in London. 

Formerly there were numerous accidents in connection with this 
business, but for the past few years, since the adoption of the 
indicated precautions, only one fire has occurred in London ; and 
fortunately, on account of the isolation of the building and the 
precautions imposed by the licence, no fatality or even personal 
injury resulted, nor did the fire extend beyond the actual build- 
ing in which it broke out. It may be mentioned as an instance 
of the value of precautions in businesses of this nature, that on 
one of the dry cleaner's premises, before the present stringent 
conditions were insisted upon, the cleaning room was burnt out 
five times in six years ; but that since the adoption of these precau- 
tions some seven years since, no fire has occurred on the premises. 

(2) Helmet Manufacturers. — In this business a quantity of 
petroleum spirit, in no case exceeding 45 gallons, is used for the 
purpose of dissolving indiarubber, to form a solution used in cement- 
ing and waterproofing some forms of helmets. I do not consider the 
conditions attached to licences for premises in which this business is 
carried on are sufficiently stringent. Difficulty w?a experienced in 
obtaining adequate arrangements for safety, botiu on account of the 



290 HANDBOOK ON PETROLEUM. 

.situation and construction of many of the premises. In every case, 
however, the petroleum spirit is kept, and the indiaruhber solution is 
made, in a store which is as far as possible detached from the work- 
rooms. The solution is used for cementing and waterproofing 
helmets, and in the room in which this is done, as well as in the 
place in which the helmets are afterwards dried, a considerable 
amount of inflammable vapour is given off. This vapour is to some 
extent carried off by ventilation, but at present artificial light is used 
in some of the workrooms ; and, looking to the recent fatal accident 
at a helmet manufacturer's in Cloth Fair, I think that such a method 
of lighting should no longer be permitted. No special provision is 
made upon any of the licensed helmet-makers' premises for the escape 
of workpeople in case of accident, and the Committee may consider 
it desirable in future to license only premises where adequate means 
of escape have been provided. I may, however, point out that no 
serious fire, or any fire involving loss of life, has occurred in recent 
years upon any of the licensed premises. The recent fatal fire on 
Messrs. Rowley and Brock's premises (which are in the city and 
under the jurisdiction of the Corporation of London) probably arose 
from the very grossest carelessness and the neglect of the most 
elementary precautions. An uncorked can containing a solution 
of naphtha and indiarubber was placed in the drying-stove, and 
on the door of the stove being opened a volume of the vapour escaped 
and ignited. 

Although no accident can be traced to the use of naked lights in 
workrooms where solution is U6ed, it would undoubtedly reduce the 
danger if the Council insisted on the abolition of such lights and 
the substitution of the incandescent electric light or some perfectly 
safe form of gas lighting. In every case where a drying stove by 
fire heat is used, such stove should unquestionably be separated from 
the workrooms and ventilated into the external air, or in other words 
it should be a distinct fire risk. 

(3) Tennis Shoe Makers. — In this trade an indiarubber solution is 
used for cementing indiarubber soles to the uppers. The danger 
and the conditions are very similar to those in the case of helmet- 
makers, and whatever the Committee decide as to the one trade 
should be applied to the other. 

(4) Indiarubber Manufacturers. — In this trade indiarubber in bulk 
is dissolved in mineral spirit, and then mixed up with other ingredients 
to form a plastic substance, which is worked up into various forms of 
indiarubber goods. 

I think the arrangements for the storage of the naphtha and for 
dissolving the rubber are probably adequate at all the premises under 
the Council's licence. After being taken out of the vessels in which 
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it is dissolved the indiarubber is of the consistency of dough, and it 
is so termed by the trade. It subsequently passes through a variety 
.of machines, for manufacture into different articles, and during these 
processes some inflammable vapour is given off, but probably not in 
sufficient quantities to be liable to ignition. I recommend the Com- 
mittee to in future attach a condition excluding fires and unsafe 
forms of artificial lighting, not only in the stores and mixing-rooms 
as at present, but also in any workroom where there is a liability to 
the presence of inflammable vapour. 

(5) Waterproof Garment Makers. — This business is sometimes con- 
ducted on a very large scale in very large buildings, and in others on 
a small scale, and sometimes in dwellings. No matter how many 
or how few hands are at work, each of them requires a small quantity 
of solution and a small quantity of spirit. This is used for cementing 
the seams of the garments to be manufactured, and as there is but a 
small amount of vapour given off in the operations of each work, 
person, it is only where a large number of workpeople are employed 
in one room that there is a liability to the formation of a large amount 
of inflammable vapour. The two points for the consideration of the 
•Committee appear to be : 

(1) Whether fires and exposed artificial light should not be pro- 
hibited in all such workrooms. 

(2) Whether facilities for escape, in case of accident, should not be 
insisted upon, wherever a considerable number of hands are employed 
in one building. 

By requiring both the solution and the naphtha to be used from 
suitable vessels, and by regulating the storage of the naphtha and 
the mixing of the solution, the Council has reduced the danger in 
these places ; but the other points indicated are matters for serious 
consideration. I may point out, however, that there might be great 
difficulty in the case of the smaller makers, and of the workpeople 
who carry on this business in their own homes, in providing a special 
•artificial light, or special means of heating the rooms. 

(6) Glass Silverers. — In this business mineral spirit is used in the 
manufacture of the paint which covers the back of silvered glass. 
The spirit is usually kept and the paint mixed in the basement of 
the building where the business is carried on, and it has been im- 
practicable to obtain in such cases external places for the storage 
and the mixing. There is probably little danger in the process of 
applying the paint to the glass ; and the point for the consideration 
of the Committee appears to be whether in future the storage and 
mixing should be allowed in the building in which the workrooms 
are situated. 

(7) Glove Cleaning. — In this business only small quantities of 
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mineral spirit are used, and in a large number of cases the trade is 
so small that it can be carried on under the exemption contained in 
section 7 of the Petroleum Act, 1871, which permits three gallons 
of spirit to be kept without a licence, provided it is kept in stoppered 
bottles which contain not more than one pint. The practice in 
London is that, where only one of these bottles is open at a 
time, no licence is necessary, but whenever any larger quantity than 
one pint is opened for use at one time a licence is requisite. Although 
the quantity of petroleum used in glove cleaning is small, there is & 
considerable escape of inflammable vapour, and consequent danger. 
Upon every premises licensed by the Council, glove cleaning is required 
to be carried on in buildings either detached or external to the house 
or shop, and the presence of a fire or artificial light is forbidden. It 
is probably unnecessary to add to the restrictions already imposed on 
this business. 

In addition to the foregoing, there are also a few other businesses 
in which petroleum spirit is used, and which are under the licence of 
the Council, as follows : 

One bone boiler. 

„ bedstead manufacturer. 

„ photographic chemical manufacturer! 

„ manufacturing chemist. 

„ brassfitter (asbestos packing). 

„ paraffin scale maker. 

„ electrician (four licences), 

„ colour-printing works. 

I believe the conditions imposed in each of the above cases are adequate 
for safety. 

The only remaining trade in which it is known that petroleum 
spirit is used is that of toy-balloon maker. Two premises upon 
which this trade is carried on are licensed, and at each five gallons 
may be kept. In both cases tho store is a sunk pit in the garden at 
rear of the dwelling, and this method is quite safe. The spirit is, 
however, taken in quantities not exceeding half a gallon into a 
workroom in the upper part of the dwelling, where it is put into 
an open vessel, into which the indiarubber is dipped. No fire or 
light is allowed in this room, and the work is done with open 
windows, and it is probable that no further precaution can be 
adopted except to require that the work be done in outbuildings 
only. The licensees are, however, so poor that they are unable to 
provide these. These premises have been under licence for some 
years, and the inspector reports that he has always found the business 
conducted with care. 
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8CALE OP MAXIMUM AMOUNTS OP PETROLEUM 

ALLOWED TO BE KEPT ACCORDING TO 

DISTANCE FROM PROTECTED WORKS.* 

(Proposed to be included in an Act of Parliament.) 



Distance of depot from protected work.* 


Number of gallons allowed to be kept 


Not wholly in 
tank-depots, t 


In tank-depotst 
but not wholly 
underground. 


Wholly in 
underground 
tank-depots, t 


Within 10 ft 

Oyer 10 ft and not exceeding 20 ft. 
n 20 „ „ „ 30 „ 
ti 30 „ n n 50 „ 
m 60 M w » '6 „ 
n '6 „ „ t , 100 „ 
„ 100 „ „ „ 160 „ 
ii 160 „ 


100 

500 

2,000 

6,000 

10,000 

15,000 

20,000 

Unlimited. 


250 

1,600 

6,000 

15,000 

50,000 

150,000 

Unlimited. 


600 

5,000 

20,000 

50,000 

Unlimited* 



* For definition of protected works, see p. 164. 

t Specifications of tank-depots will be found in Appendix X. 
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THAMES CONSERVANCY. 

By-laws fob the Regulation of the Conveyance of Carbide of 
Calcium on the Riveb Thames. n 

Whereas Carbide of Calcium presents dangers similar to those pre- 
sented by Petroleum. And whereas by an Order in Council of 
the 26th day of February, 1897, modified by an Order in Council 
dated the 17th day of July, 1897, it was ordered and prescribed 
that certain parts of the Petroleum Acts 1871 to 1881 shall 
apply to the said substance Carbide of Calcium in the same 
manner as if the said substance were Pttroleum to which the Acts 
apply. Now, therefore, the Conservators of the River Thames, in 
exercise of the powers vested in thembythe " Petroleum Act, 1879," 
and of every other authority them hereunto enabling, do order and 
direct as follows: 

(1) The By-laws for regulating the conveyance of carbide of 
calcium on the River Thames made by the Conservators of the River 
Thames and confirmed by the Board of Trade on the 25th day of 
October, 1899, shall after these present By-laws have been confirmed 
by the Board of Trade be and the same are hereby repealed. , 

(2) In the construction of these By-laws the following expressions 
shall have the meanings hereby assigned to them : 

"Conservators" shall mean the Conservators of the River 
Thames. 

"Ship" shall mean every description of vessel used in sea 
navigation, whether propelled by oars or otherwise, entering the 
Thames with a cargo any part of which consists of carbide of 
calcium. 

"Licensed Barge 1 ' shall mean an open barge duly licensed 
by the Conservators for the carriage of carbide of calcium on the 
Thames. 

" Thames " shall mean the River Thames within the jurisdiction 
of the Conservators. 
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" Harbour Master " shall mean and apply to each of the Harbour 
Masters and any person authorised by the Conservators to assist 
them or to perform the duties of a Harbour Master. 

(3) The Owner or Master of every ship carrying a cargo any 
part of which consists of carbide of calcium shall on entering the 
Thames immediately give notice of the nature and quantity of such 
cargo to the Harbour Master at his office at Gravesend. 

(4) The .hold of every ship carrying carbide of calcium shall be- 
efficiently ventilated from the time of entering the Thames until all 
the carbide of calcium has been discharged or until the ship has left 
the Thames. 

(5) All carbide of calcium discharged from any ship shall be 
removed without unnecessary delay to some duly licensed place of 
storage or beyond the limits of the jurisdiction of the Con- 
servators. 

(6) The Master of every ship carrying a cargo any part of which 
consists of carbide of calcium shall only discharge such carbide of 
calcium at a wharf, jetty, or place approved by the Conservators, 
and no carbide of calcium shall be conveyed on the Thames from 
any such wharf, jetty, or place, except in a licensed barge. 

(7) A licensed barge having taken on board carbide of calcium 
shall forthwith proceed to its destination, so that there shall be no 
delay in the removal of such cargo to some duly licensed place of 
storage or beyond the jurisdiction of the Conservators. 

(8) Carbide of calcium shall only be brought into or carried on the 
Thames in hermetically closed metal vessels, containing each not more 
than 224 lbs., of such strength and construction or so protected as 
not to be liable to be broken or to become defective or insecure in 
conveyance otherwise than by gross negligence or extraordinary 
accident. 

(9) No vessel containing carbide of calcium shall be opened within 
the jurisdiction of the Conservators except in some duly licensed 
place of storage. 

(10) Every reasonable precaution shall be taken to prevent the 
contact of water or moisture with the carbide of calcium, and where 
such contact may have occurred to prevent the gas evolved from 
being ignited. 

(11) Every vessel containing carbide of calcium shall be labelled, 
which label shall bear in conspicuous characters the words " Carbide 
of Calcium. Dangerous if not kept dry," and with the following 
caution : — " The contents of this package are liable if brought into 
contact with moisture to give off a highly inflammable gas," and 
with the addition of the name and address of the sender. 
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(12) Every ship having carbide of calcium on board shall, whilst 
anchored or moored in the Thames, be watched by a competent 
person on board such ship to be appointed for that purpose by the 
Master or other person in charge of such ship. 

(13) The Owner or Master of the ship or the Owner of the carbide 
of calcium shall, when so required by the Harbour Master or other 
officer duly appointed by the Conservators or by any police constable, 
show to such officer or constable all carbide of calcium under his 
control or upon his ship, and shall afford every reasonable facility to 
enable such officer or constable to inspect and examine such carbide 
of calcium so as to ascertain whether these By-laws are duly ob- 
served. 

(14) The names and expressions used in the foregoing By-laws 
where not herein specially defined shall have the same meaning as 
is assigned to the same names and expressions in the Petroleum Act, 
1871. 

(16) The penalties for offences against these By-laws are those 
provided by the Petroleum Acts. 

The Common Seal of the Conservators of the River 
Thames was hereunto affixed by order of the said Con- 
servators in the presence of 

ROBERT PHILIPSON, 
Secretary of the said Conservators. 

The Board of Trade hereby signify their confirma- 
tion of the above By-laws, Z\st March 1904. 

T. H. W. PELHAM, 
An Assistant Secretary to the Board of Trade. 



THAMES CONSERVANCY, 
i By-laws under the Petroleum Acts, 1871 and 1879. 

The Conservators of the River Tfiames, in exercise of the powers vested 
in them by "The Petroleum Act, 1871," and "The Petroleum 
Act, 1879," and of every other authority them hereunto enabling, 
do order and direct as follows : 

(1) The By-laws for the regulation and carrying of petroleum Former By- 
in the River Thames, made by the Conservators of the River Thames law * 
and confirmed by the Board of Trade on the 12th day of April, 1880, "P" 1 * 4 
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shall after these present By-laws have been confirmed by the Board 
of Trade be and the same are hereby repealed 

(2) The expressions contained in these By-laws shall have the Interpreta- 
meanings respectively assigned to them in the Petroleum Acts, 1871 *i<> n Clause, 
to 1879, and in this By-law. 

"Conservators" shall mean the Conservators of the River 
Thames. 

" Thames " shall mean the River Thames within the jurisdiction of 
the Conservators. 

" Petroleum " shall include any rock oil, Rangoon oil, Burmah oil, 
oil made from petroleum, coal, schist, shale, peat, or other bituminous 
substance, and any products of petroleum or any of the above-men- 
tioned oils which when tested in the manner set forth in Schedule I. 
to the Petroleum Act, 1879, gives off an inflammable vapour at 
a temperature of less than *73 degrees of Fahrenheit's thermo- 
meter. 

" Petroleum Barge" shall mean any barge approved and licensed 
by the Conservators for the conveyance of petroleum on the Thames 
except when the same is empty and certified by the Harbour Master 
as having been thoroughly ventilated. . 

" Petroleum Ship' 1 shall mean any vessel other than a petroleum 
barge having or intending to take on board or having discharged 
petroleum as cargo except when the same is empty and certified by 
the Harbour Master as having been thoroughly ventilated. 

" Owner " shall mean Master, Owner, consignee, consignor, broker, 
and agent. 

"Master" shall mean the Master or other person having the 
command, charge or management of a petroleum ship or petroleum 
barge for the time being. 

"Harbour Master" shall mean the Harbour Master or other 
person holding a deputation from the Conservators as a Harbour 
Master for the purposes of the Petroleum Acts or of these By- 
laws, 

"Quay" shall mean any quay, pier, jetty, wharf, landing-stair, 
shore or other landing-place in or alongside the Thames. 

(3) No petroleum ship entering the Thames shall be navigated, No petro- 
lic in, or be moored, and no part of the cargo of such petroleum b^nav^atcd 
ship shall be discharged in any part of the Thames above or to the or cargo die - 
westward of the Mucking Light at Thames Haven. westward of 

Mucking 
* Equal to 22.5 degrees centigrade, or 18.2 degrees Reaumur. * * 
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Petroleum (4) ^11 petroleum ships and petroleum barges shall, when moored 

barges when or anchored, lie singly, and there shall be a clear space of not less 

moored or than 100 feet of waterway kept between any such petroleum ships 
anchored to ■« • 1 1 1 1 • -r* 1 1 ™ 1 • 

lie singly zoo or petroleum barges. Provided that this By-law shall not apply in 

feet apart, the case of a petroleum barge lying alongside a petroleum ship for 

Exceptions the purpose of being laden or discharged, nor to petroleum barges 

cases 1 *" 1 "wh© 11 ty n g alongside a quay and actually discharging, nor to a tug 

and petroleum barges moored or anchored on account of fog, or 

Petroleum other exceptional causes. 

playatmaat- (P) -^e faster of every petroleum ship shall, on entering the 

head special Thames, and during the time that such ship remains in the Thames, 

and special display at the masthead by day a red flag not less than three feet 

light by square with a white circular centre six inches in diameter, and by 

addition to n *ght a red light on the masthead, in addition to any navigation 

navigation lights which may be required by any other By-laws or rules. 

lg t8, (6) Whenever any petroleum ship enters the Thames the Owner 

Owner of gna n forthwith give notice to the Harbour Master at his office at 

petroleum ° 

ship to give Gravesend of the quantity of petroleum in such ship, and of the 

notice of manner in which such petroleum is stowed. Such notice shall be 
quantity of, ,,, . , ~ . 1 , « . e 

cargo and deemed to be the notice to the Conservators required by Section J> 

manner of f the Petroleum Act, 1871. 
stowaze 

(7) The Master of every petroleum ship shall anchor or moor his 

sh?M tobe sn *P ^elow or *° ^e eastward of the Mucking Light at Thames 
anchored or Haven, and in such position as the Harbour Master shall from time 
the^astward *° t * me direct, an< * sna ^ not remove therefrom except in accordance 
of Mucking with the written order or permission first obtained of the Harbour 

t! ght ' . .. Master or for the purpose of forthwith leaving the Thames. No* 
Place of dis- . , . ,.,,,,,., , ^ ^ , 1 

charge to be petroleum ship shall be discharged except at a place previously 

approved by approved in writing by the Harbour Master. 

Master. (8) The following rules in respect of the discharge of petroleum 

Rules as to within the Thames shall in every case be complied with : 

discharge of / a \ Before any petroleum is discharged the Owner shall give 

petroleum. x ' . , ,,. , ,, * , ,. L . ^ . , . v ^ 

notice to the Harbour Master of the district in which such 

discharge is to take place of the time and place of such 

discharge, and no petroleum shall be discharged during any 

day unless such notice shall have been given before the 

hour of ten in the forenoon of that day. 

(b) No petroleum shall be landed at any quay other than such 

quay as the Harbour Master shall from time to time 
direct 

(c) Before any petroleum in barrels, drums, or other vessels is 

discharged from a petroleum ship, the holds of such 
petroleum ship shall be thoroughly ventilated, and after all 
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petroleum has been removed from any petroleum ship the 
holds and tanks shall be thoroughly cleansed. Provided 
that this By-law shall not be deemed to require the 
cleansing of the tanks of a tank steamer which leaves the 
Thames immediately after the discharge of the cargo of 

, , petroleum and of which the tanks are closed up immediately 
after such discharge. 

(i) From the time when the holds or tanks of a petroleum 
ship are first opened for the purpose of discharging 
petroleum until such time as all petroleum shall have 
been discharged from such ship, and the holds or tanks 
shall have been thoroughly cleansed as required by this 
By-law, there shall be no fire or artificial light on board 
such ship. Provided that this By-law shall not prevent 
the use of a safety lamp of a construction previously 
approved by the Harbour Master. 

(e)'No person shall smoke, nor shall the Master permit any 
person to smoke, upon any petroleum ship when its cargo 
is being discharged, nor shall any person engaged in the 
discharge of any petroleum ship carry matches or other 
means of producing ignition. 

(/) When the discharge of petroleum has been commenced such 
discharge shall be proceeded with with all due speed and 
diligence, and should it be impracticable to complete the 
discharge of any petroleum ship, or petroleum barge, 
before sunset on any one day, all tanks and holds shall be 
securely fastened immediately such discharge is dis- 
continued, and all the same precautions taken as though 
bulk had not been broken. Provided that tank steamers 
which shall have commenced discharge before sunset 
shall be permitted to continue such discharge into reser- 
voirs on shore or into tank barges, 

(g) Petroleum shall not be discharged in the Thames after 
sunset or before sunrise except as provided in sub- 
section (/). 

(A) Petroleum contained in barrels, drums, or other vessels 
which are not staunch and free from leakage shall only 
be discharged on shore at a duly licensed wharf, and not 
into a petroleum barge or any other vessel. 

(i) No petroleum shall be landed at any quay until the petroleum 
ship, cr petroleum barge, or carriage by which the same is 
to be removed therefrom shall be at the place in readiness 
to receive the same, and all petroleum discharged in the 



900 



HANDBOOK ON PETROLEUM. 



As to the 

conveyance 
of imported 
petroleum 
westward of 
Mucking 
Light 

Rules as to 

petroleum 

barges. 



Thames shall be forthwith removed therefrom or to some 

duly licensed place of storage. 
(j) No petroleum shall be discharged or allowed to escape into the 

Thames. 
(k) The Owner shall take all due precautions for the prevention 

of accident by fire in the discharge of petroleum in the 

Thames. 

(9) No imported petroleum shall be conveyed up the Thames 
above or to the westward of the Mucking Light at Thames Haven, 
except in a petroleum barge, and no petroleum shall be conveyed 
in any barge on the Thames other than a petroleum barge. 

(10) The following rules in respect to petroleum barges shall in 
every case be complied with : 

(a) Every petroleum barge shall have the names of the Owner 
and of the barge and the registered number of the licence 
preceded by the letters " T. C." painted on the stern of the 
barge in letters or figures not less than six inches long, 
and broad in proportion. 

(&) No petroleum barge shall be discharged in any part of the 
Thames after sunset, or before sunrise, except as provided 
in By-law 8 (/). 

(e) No petroleum barge shall be navigated on the Thames after 
sunset or before sunrise, and no loaded petroleum barge 
shall be navigated except at such a time as shall permit 
as far as possible of the prompt discharge of its cargo on 
arrival at its destination. 

(d) No loaded petroleum barge, and no petroleum barge fitted 

with a tank or tanks, shall be navigated or lie in the 
Thames unless a red metal flag not less than eighteen 
inches square, with a white circular centre six inches in 
diameter is exhibited upon such petroleum barge where it 
can beet be seen, and no tug shall tow such a petroleum 
barge without also exhibiting a similar flag at the mast- 
head. 

(e) No loaded petroleum barge shall be navigated, except in tow 

of or attended by an efficient tug propelled by steam, 
electricity, or other mechanical power. 

(/) Not more than four loaded petroleum barges shall be towed 
together at one time, and these shall be towed two abreast, 
and not more than two petroleum barges shall be towed 
in single line, and no petroleum barge shall be towed 
alongside a tug. 

(g) No tug employed in towing a loaded petroleum barge shall at 
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the same time tow any other barge or vessel, except barges 
carrying high-test petroleum, bub not more than four 
barges shall be towed together as provided in sub-section 
(/), and barges carrying high-test petroleum shall, whilst 
being so towed, be subject to the provisions of these By- 
laws. 

(h) No petroleum barge shall be navigated in a fog. 

(i) No tug shall be in attendance upon, or take in tow, any 
petroleum barge, without having on board all necessary 
specially designed lamps previously approved by the 
Harbour Master for the use of such petroleum barge in 
the event of its having to moor or anchor on account of 
fog or other exceptional causes. 

(j) In the event of it becoming necessary to show lights upon 
any petroleum barge through the same having to moor or 
anchor on account of fog or other exceptional causes, the 
Master of such petroleum barge shall obtain such lights 
from the tug in attendance, and he shall return the lamps 
to the tug immediately after use. 

No lamps shall be lighted or extinguished on board a 
petroleum barge, and no petroleum barge shall, when 
under way, have on board any lights or lamps under any 
circumstances whatever. 

(k) No tank compartment shall be filled above a horizontal bar 
fixed two inches above the base of the expansion 
chamber. 

(2) After any petroleum barge, fitted with a tank or tanks, is 
loaded, and before it is removed from the quay or 
petroleum ship at which it has been loaded, all manholes 
shall be screwed down gas tight, all valves on suction pipes 
closed, and all ventilator openings securely stopped or 
covered with wire gauze. 

(m) No manholes, valves, or ventilators shall be opened whilst 
any such petroleum barge is in tow of a tug, or before it 
has been made fast to the quay at which the cargo is to be 
discharged. » 

(n) Before any manhole or valve is opened for the discharge of 
the cargo or otherwise, and continuously during such dis- 
charge, and at all other times when laden, a petroleum 
barge shall be under the control and personal supervision 
of the Master thereof, whose duty it shall be to prevent 
the access of any unauthorised person and to take all 
possible precautions against fire. 
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(o) Immediately after the discharge of the cargo, and before the 
petroleum barge is removed or the tug approaches for the 
purpose of such removal, the Master shall securely close, 
or caused to be securely closed, all manholes, valves, and 
ventilators. 
(p) The Master of a petroleum barge shall not cause or permit 
any fire or artificial light, or matches, or other means of 
producing ignition to be upon such petroleum barge, or 
smoke, or permit smoking, to take place on board such 
petroleum barge at any time. 
(q) No person when on board a petroleum barge shall have on his 
person any matches or other means of producing ignition, 
and every person on board a petroleum barge, or about to 
go on board a petroleum barge, shall submit to being 
searched by any duly authorised officer of the Con- 
servators, 
(r) The bilges of a petroleum barge shall not be pumped when 
such barge is in any confined waters, or is alongside any 
petroleum ship or tug. 
(«) A copy of this By-law shall be posted by the Owner or Master 
in a suitable and conspicuous place on every petroleum 
barge. 
Competent (11) No petroleum ship shall be navigated on or lie in the Thames, 
^"harre ^f exce P fe tne 8&me De constantly in charge of a competent person on 
petroleum board such ship until all petroleum on board shall have been dis- 
ship and^ charged, and the Master of every petroleum ship shall at all times 
bility of be responsible for the carrying out of and giving effect to the pro- 

Master, visions of these By-laws. 

(12) The Master shall when so required by the Harbour Master, 
by Harbour or by any police constable, show to such Harbour Master or con- 
Master, stable all petroleum under his control upon the petroleum ship or 
petroleum barge, and shall afford every reasonable facility to enable 
such Harbour Master or constable to inspect and examine such 
petroleum, and such petroleum ship, and petroleum barge, so that he 
may ascertain whether the provisions of these By-laws are duly 
observed. 
Penalty for (13) When any petroleum ship, petroleum barge, or cargo is 
By-laws. moored, discharged or landed, or otherwise dealt with in contra- 
vention of any of the above By-laws, the Owner and Master of such 
petroleum ship or petroleum barge, and the Owner of such cargo shall 
each incur a penalty not exceeding £50 for each day during which 
such contravention continues, and it shall be lawful for the Harbour 
Master to cause such petroleum ship, petroleum barge, or cargo to 
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be removed at the expense of the Owner thereof to some place at 
or below the Mucking Light at Thames Haven, and all expenses in, 
or incident to such removal, may be recovered in the same manner 
in which penalties are by "The Petroleum Act, 1871," made 
recoverable. 

The Common Seal of the Conservators of the River 
Thames was hereunto affixed by order of the said Con- 
servators in the presence of 

ROBERT PHILIPSON, 
Secretary of the said Conservators. 
SOth May, 1904. 

The Board of Trade hereby signify their confirmation oj 

the above By-laws. 
By Order of the Board of Trade the 11th day of June, 1904 

T. H. W. PELHAM, 

Assistant Secretary. 



SPECIFICATION FOR TANK BARGES. 

No petroleum barge fitted with a tank or tanks will be approved 
and licensed by the Conservators, except its construction be in 
accordance with the following general specification : 

(1) All barges shall be of steel or iron, well and substantially built, 
and strengthened with angles and bulbs, &c, as may be required. The 
scantlings shall be of ample proportions to suit the various sizes of 
barges. 

(2) No bulkhead shall be pierced or fitted with a sluice. 

(3) The petroleum shall be carried in one or more steel or iron tanks 
of adequate strength, divided into two compartments of equal size by a 
spirit tight longitudinal bulkhead, and each compartment shall have a 
separate pump fitted for draining. 

(4) No barge shall be of a capacity greater than 150 tons. 

(5) No tank shall be of a greater capacity than 100 tons, and therefore 
no compartment shall hold more than 50 tons. 

(6) The tank or tanks shall be so arranged that space is left all round 
at the sides and ends between the tanks and the shell of the barge and 
the bulkheads to admit of examination. 

(7) The capacity of the barge between bulkhead with tank or tanks 
in place shall be such that in the event of the contents of any one com- 
partment escaping the surface of the liquid in the space outside the tank 
shall be at least 12 inches below deck of barge. 
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(8) Each tank compartment shall be provided with an expansion 
chamber of a capacity equal to at least 7-J- per cent, of the capacity of the 
compartment measured from a horizontal bar fixed at a height of two- 
inches above the base of the expansion chamber. 

(9) Each tank shall be fitted with approved arrangements of pipes- 
and valves for the discharge of the petroleum and with manholes having 
screw down covers with spirit tight joints. 

(10) Ventilators to spaces round the tanks shall be fitted as required 
supplied with wire gauze covers of approved mesh and screw plugs. 

(11) Barges shall be properly fitted out with rudder, tiller, anchors, 
chains, windlass, mooring and towing bitts, oars, &c. 

(12) No stove shall be fitted nor provision made for any means of 
making a fire. 



THAMES CONSERVANCY. 

By-laws toe the Regulation op Petrol Motor Launches on 
the River Thames. 

(As published and amended ; subject to confirmation by the 
Board of Trade.) 

The Conservators of the River Thames, in exercise of the powers 
and authority vested in them by the Thames Conservancy Act, 1894, 
do make the following By-laws, that is to say : 

1. These By-laws may be cited as " The Thames Motor Launch 
By-laws, 1905," and shall come into operation the day after the same 
are confirmed by the Board of Trade. 

2. These By-laws shall be applicable to the Thames as defined by 
the Thames Conservancy Act, 1894. 

3. In these By-laws the words and expressions hereinafter men- 
tioned shall have the meanings hereby assigned to them respectively 
unless there be something in the subject or context repugnant to 
such construction, viz. : 

The expression " petrol motor launch " means any vessel in which 
the motive power is supplied by petroleum to which the 
Petroleum Acts 1871-1879 apply, whether such petroleum 
is used in an internal combustion engine or for the genera- 
tion of steam or otherwise, but the said expression shall 
not include a petrol motor launch having no petroleum on 
board when being towed. 

The word " Master " when used in relation to any petrol motor 
launch means any person, whether the Owner, Master or 
other person lawfully or wrongfully having or taking the 
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command, charge or management of the petrol motor launch 
for the time being. 
The expression " Officer of the Conservators " means any lockkeeper 
or other officer of the Conservators, or any person employed 
by them, and authorised by writing under their Common 
Seal to carry out the provisions of these By-laws. 
(4) No petrol motor launch shall be navigated into or through any 
lock on the Thames unless it is constructed in accordance with the 
following requirements : — 

(a) Carburetters, the design or construction whereof may under 

any circumstances permit of an overflow, so fitted as in 
the event of an overflow to drain into a gauze-covered 
receptacle capable of being emptied from time to time as 
may be necessary, and of a form to be approved by the 
Conservators. 

(b) Fuel tanks constructed of copper or an alloy of copper riveted, 

or of steel efficiently galvanised after making up, and their 
freedom from leakage or liability to leakage ascertained by 
testing. 
(fi) A closed locker provided for the stowage of petrol cans, whether 
containing petrol or not, such closed locker not to be placed 
in close proximity to the exhaust pipe. 

(d) Fuel tanks installed in such a position that ready access can be 

had to all connections. 

(e) All fuel pipes of seamless drawn copper or other tubing 

approved by the Conservators. 

{f) Fuel pipes fitted with ground cone union joints or other 
approved form of joint and not with flange or socket joints. 
The main fuel pipe provided with suitable means for giving 
it the necessary elasticity. If bends or coils are fitted, 
one should be placed close to the fuel tank and another 
close to the carburetter. 

(g) Fuel pipes carried where they are least liable to become 
damaged, and in all cases so fitted that ready access can be 
had to them and all connections throughout their entire 
length. 

{A) One cock fitted to the fuel feed pipe where it leaves the tank 
and another where it joins the carburetter. Provided that 
in respect of petrol motor launches registered prior to the 
date when these By-laws come into operation, and having 
only one cock in the fuel feed pipe, the Inspector of the 
Conservators shall exercise his discretion as to the necessity 
of a second cock to such pipe. 

U 
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(i) The exhaust pipe water cooled unless taken into a funnel* 
Where the exhaust pipe is taken into a funnel provision 
made to prevent liability of ignition of inflammable vapour- 
in any part of the boat. 

(j) The silencer effective as regards suppression of noise of exhaust, 
to the satisfaction of the Conservators, and constructed of 
sufficient strength to prevent it being injured by th& 
occurrence of an explosion therein. 

(k) A spirit-tight tray or receptacle, the sides of which are carried 
up as high as the propeller shaft will permit or fitted 
beneath the engine so as to prevent leakage of spirit and 
lubricating oil escaping into any other part of the boat. 

Ignition Arrangements. 
(I) The ignition circuit throughout carefully insulated. High. 

tension leads from coil to sparking-plugs carried through a 

water-tight tube, or so installed as to prevent leakage of 

current or risk of breakage or damage by water, 
(m) Electric leads properly supported. 
(n) If a "spark gap" be employed it mu6t be so enclosed as. 

not to be capable of igniting inflammable vapour, 
(o) Some form of sparking-plug employed in which external 

sparking is as far as possible guarded against. 
(p) If trembler coils are employed the same must be placed in a 

position where an accumulation of inflammable vapour is. 

not likely to occur. 

Note. — The use of low-tension magneto ignition is 
preferable on tJte score of safety, 
(q) No form of hot tube ignition employed. 

(5) The Master of every petrol motor launch whilst waiting to- 

enter or when in any lock on the Thames shall give to any* 
officer of the Conservators reasonable facilities to inspect 
such petrol motor launch with a view to ascertainining- 
whether the aforesaid requirements are complied with. 

(6) Whilst waiting to enter or when in any lock on the Thames 

the Master of any petrol motor launch and the person or 
persons on board the same shall comply with the following- 
regulations : 

(a) Having entered a lock the cock on the fuel feed pipe shall 
immediately be closed, and shall not be reopened until the- 
lock gates are opened for the egress of the vessel or vessels 
then in the lock. 

(6) In any lock the engine shall be stopped before the lock 
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gates are closed and shall not be re-started until the gates 
are opened for the egress of the vessel or vessels then in 
the lock. Provided that sub-sections (a) and (6) of this 
By-law shall not apply to a petrol motor launch when 
no other vessel is passing through the lock at the same 
time as the petrol motor launch, or when the only other 
vessel or vessels passing through the lock at the same 
time as the petrol motor launch is or are a vessel or vessels 
of the same type. 

(c) No fuel tank or petrol can shall be opened or manipulated on 

any petrol motor launch. Provided that this regulation 
shall apply only when such petrol motor launch is in a lock. 

(d) Any petrol carried in excess of that contained in the fuel 

tanks shall be carried only in two-gallon cans of a pattern 
approved by the Railway Clearing House for conveyance of 
petrol by the railway companies. Such cans, whether con- 
taining petrol or not, shall be stowed in a closed locker, 
which must not be used for any other purpose while any 
petrol can is therein. 

(e) No person shall strike a match whilst on any petrol motor 

launch. 

(/) With a view to prevention of fire a proportionate quantity 

of sand equal to one-half a cubic foot for every complete 

twelve feet in length of the hull of the petrol motor launch 

together with a shovel or scoop shall be carried in some 

readily accessible place. Provided that in the event of the 

Conservators approving in writing under the hand of their 

Secretary a form of chemical extinguisher, such approved 

chemical fire extinguisher may be carried in place of sand 

as aforesaid. 

7. Any person acting in contravention of any of these By-laws 

shall for every such act be liable to a penalty not exceeding £10, and 

in the case of a continuing offence to a further daily penalty not 

exceeding the like amount, which said penalties shall be recoverable 

enforced and applied according to the provisions of the Thames 

Conservancy Act, 1894. 

Note. — The Conservators will be prepared to inspect any petrol 
motor launch registered under the Thames Conservancy Act 9 
1894, and grant to the owner of such launch, if on such 
inspection it be found to satisfy the requirements as to con- 
struction, a certificate of compliance with reference to the part 
of these By-laws relating to construction. 
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Such certificate of compliance will not however exempt the Master of 
such petrol motor launch from liability to have his vessel 
further inspected from time to time in order thai it may be 
ascertained whether the construction has been maintained in 
accordance with the aforesaid requirements. 

Applications for inspection of petrol motor launcJtes should be 
addressed to tlie Secretary Thames Conservancy, Victoria 
Embankment, London, B.C. 



ADDENDA 



Page 167. 
A danger hitherto unsuspected was brought to light by a fire 
which occurred on the S.S. Bullmouih on the Tyne on February 14, 
1902. The tanks of the vessel had been cleansed of vapour and 
tested in the usual manner. Some men then entered one of them 
with naked lights. A short time after flames were seen ascending 
the walls of the tank. The fire was found to have been caused by & 
candle, which had been placed against the tank wall, and had 
ignited a thick scale composed of rust and whitewash, saturated 
with oil, which had formed on the interior of the tank. 

This scale should always be removed before naked lights are 
allowed in a petroleum tank. 

Page 191. 
In 1900 a Committee was appointed by the Explosives Depart- 
ment to advise as to the conditions of safety to which acetylene 
generators should conform, and to test the generators then on the 
market. After carrying out numerous tests they issued a Report * 
and made the appended recommendations as to the conditions of 
safety: 

REPORT OF THE COMMITTEE ON ACETYLENE 
GENERATORS. 

Home Office, 

Whitehall, S.W., 

October 30, 1901. 
Sib, 

In accordance with your letter of the 22nd December, 1900, 
we have prepared for your information the following Report on the 
questicn of Acetylene Generators. On the 7th January, 1901, we 

* "Report of Committee on Acetylene Generators, 1902," which may 
be obtained from the King's Printers, either directly or through any 
Nookseller. 
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issued a circular to the members of the trade, inviting them to 
submit the apparatus manufactured by them to the necessary tests. 

In response to this circular we received a larger number of 
applications than we anticipated, and we have tested what may be 
considered to be nearly the whole of the various types of generators 
in use in the United Kingdom. 

The conditions which, in our opinion, a generator should fulfil 
before it can be considered as being safe, and which we have had in 
view in carrying out the tests, are specified in Appendix A. 

We have tested forty-six different generators, and the results 
of these tests are shown in Appendix B. (not reprinted here). 
In every case a representative of the firm who submitted the 
apparatus was present, so as to ensure the generator being worked 
under the most favourable conditions. This course appeared to 
us to be the only means of obtaining trustworthy comparative 
results. 

The Committee, feeling that it was desirable that there should be 
some means of identifying the particular form of apparatus tested 
by them, have appended to this Report a short description 
(Appendix C) [not reprinted here], which has been prepared for 
that purpose by the Secretary from data obtained at the time of 
testing. 

The actual testing was carried out by Mr. W. W. Duffield, F.C.S., 
under our direction, and as far as possible under our personal 
supervision. 

The terms of reference to the Committee, as given in your letter 
of the 22nd December, 1900, did not distinctly specify that we 
were to examine into the efficiency of the generators submitted for 
test ; but we considered that although a high yield of gas per 
pound of carbide does not necessarily imply safety, yet, on the 
other hand, a low yield of gas from high-class carbide is objection- 
able, as all the gas capable of being yielded by the carbide must be 
generated at some time or other, and if not delivered by the 
apparatus to the service pipes may subsequently cause a danger or 
nuisance. 

With all generators the ultimate disposal of the lime sludge, and 
the water saturated with acetylene, is a point of considerable 
importance ; as although the discharge of a small quantity of such 
residue into the drains would probably give no trouble, yet, in the 
extended use of acetylene, the escape of gas from large quantities of 
saturated water or from incompletely decomposed carbide, might 
lead to explosion or nuisance, and the presence of large quantities 
of lime in the drains might cause such precipitation as would silt 
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up traps, <kc. In districts where sewers exist, the objections could 
be met by leading the effluents from generators into open catch-pits 
or intercepting chambers, from which the overflow only is dis- 
charged into the drains. Where cesspools are the only system of 
drainage great advantage accrues from the discharge of the lime 
sludge directly into the cesspool. 

We desire to place upon record our satisfaction with the manner 
in which the tests were carried out by Mr. Duffield, and to thank 
him for the very able assistance he has rendered us throughout. 

We also wish to express our thanks to the London County 
Council for the facilities granted us for carrying out the operations 
of testing at their Weights and Measures Office in Harrow Road, 
and for the courteous and kind manner in which help was given 
whenever required. 

The greater part of the carbide used in the tests was purchased 
by the Home Office from the Acetylene Illuminating Company, 
Limited, of London and Foyers, and was of high quality, the yield 
from samples taken from each drum being shown in the fifth 
column in Appendix B. The fact of the carbide giving very regular 
results considerably facilitated our work in testing. 

A large proportion of the generators examined belong to the 
automatic class. In these the object is the gradual generation of 
the gas as used, whereas in the non-automatic types the whole of 
the gas which can be generated from a given charge of carbide is 
evolved in a short time, and a gas holder has to be provided large 
enough to contain it. The contention is that the generation of the 
gas as used, and the absence of a large gas-holder are advantageous or 
convenient. When all goes well this may be so, inasmuch as under 
the skilled supervision and favourable conditions of the tests made 
by us, serious difficulties did not arise, and in general the apparatus 
worked well. We are not satisfied, however, that under the varied 
conditions of use, especially with unskilled labour, this would always 
be the case, and we do not think that the advantages aimed at by 
the designers of automatic apparatus are sufficient to make it worth 
while to incur the possible trouble which we fear may be met with 
in the practical use of automatic generators, especially those of 
complicated design. In certain circumstances, with due safeguards, 
the employment of automatic generators may be admittedly con- 
venient. 

In conclusion, we think it right to point out that, while the 
generators have in no instance shown evidence of being otherwise 
than safe under the conditions of the test to which we have 
subjected them, many are, in our opinion, of unnecessarily and 
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undesirably complicated design, and some are not sufficiently strong 
in construction. On the whole, having regard to the conditions of 
use which must often prevail, we consider that in the selection of 
an Acetylene Generator, regard should be had to the following 
desiderata : 

(1) Simplicity of action and design. 

(2) Strength of construction. 

(8) High efficiency, as indicated by the yield of gas per pound 
of carbide. 

(4) Low pressure in generator, and 

(5) Facility of removal of the residue. 

We have the honour to be, 
Sir, 
Your obedient Servants, 
0. V. BOYS, BOVERTON REDWOOD 

HY. E. JONES, ALFRED SPENCER, 

VIVIAN B. LEWES, JAMES SWINBURNE. 

M. B. LLOYD, Captain, 

Secretary^ 
Captain J. H. Thomson. 

H.M. Chief Inspector of Explosives, 
Home Office, S.W. 



APPENDIX A. 

Conditions which a Generator should fulfil before it can 
be considered a8 being safe. 

1. The temperature in any part of the generator, when run at the 
maximum rate for which it is designed, for a prolonged period, 
should not exceed 130° C. This may be ascertained by placing short 
lengths of wire, drawn from fusible metal, in those parts of the 
apparatus in which heat is liable to be generated. 

2. The generator should have an efficiency of not less than 90 per 
cent., which, with carbide yielding 5 cubic feet per pound, would 
imply a yield of 4.5 cubic feet for each pound of carbide used. 

3. The size of the pipes carrying the gas should be proportioned 
to the maximum rate of generation, so that undue back pressure 
from throttling may not occur. 

4. The carbide should be completely decomposed in the apparatus, 
so that lime sludge discharged from the generator shall not be 
capable of generating more gas. 
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5. The pressure in any part of the apparatus, on the generator 
side of the holder, should not exceed that of 20 inches of water, and 
on the service side of same, or where no gas-holder is provided, 
should not exceed that of 5 inches of water. 

6. The apparatus should give no tarry or other heavy condensation 
products from the decomposition of the carbide. 

7. In the use of a generator, regard should be had to the danger 
of stoppage of passage of the gas and resulting increase of pressure 
which may arise from the freezing of the water. Where freezing 
may be anticipated, steps should be taken to prevent it. 

8. The apparatus should be so constructed that no lime sludge 
can gain access to any pipes intended for the passage of gas or 
circulation of water. 

9. The use of glass gauges should be avoided as far as possible, 
and, where absolutely necessary, they should be effectively protected 
against breakage. 

10. The air space in a generator before charging should be as 
small ns possible. 

11. The use of copper should be avoided in such parts of the 
apparatus as are liable to come in contact with acetylene. 

Note. — No reference was made in the specified conditions under 
which the tests were to be conducted to the determination of the 
efficiency of the various arrangements for automatically arresting the 
generation, as U was felt that no experimental results could guarantee 
iluit their operation might not fail in practical working. 



Page 210. 

The following are additional notes on Section 7 of the Petroleum 
Act, 1871 : 

A licence is necessary where petroleum spirit is kept in the 
factory where it is distilled. 

A Crown servant keeping petroleum on Crown property, or for 
the service of the Crown, is exempt from the necessity of licence. 

It has been decided by the Courts that petroleum spirit when 
kept for testing motor-cars during manufacture, is kept for the 
purposes of light locomotives, and therefore exempt from licence. 

Page 211. 

Section 8 (4) has been repealed only in respect of England, and 
should therefore be reinserted as follows * 
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" In any place in Ireland, except as hereafter in this section 
mentioned, within the jurisdiction of any trustees or improvement 
commissioners appointed under the provisions of any local or 
general Act of Parliament, and not being a borough or comprising 
any part of a borough, the trustees or commissioners : " 



Page 212. 

The last paragraph of Section 9 makes it clear that a licence is 
granted to a person, and not for the place in which the petroleum 
is kept. There is no provision for the transfer of a licence, and 
therefore if the premises pass into the hands of a new occupier, a 
fresh licence must be applied for. This also holds good in the 
case of a licence granted on appeal. 



Page 217. 

Remarks on Section 14. — It is held that a licence to store 
petroleum does not authorise the keeping of carbide of calcium, 
because the quantity expressed in gallons, and some of the pre- 
cautions, are inapplicable. As there is some doubt on this question, 
petroleum licences should contain a term excluding carbide of 
calcium. Where a joint licence is granted for keeping both 
substances, only one fee should be charged. 

Page 224. 

Explanatory remarks. — The following memorandum with refer- 
ence to the testing of metal polishes and other preparations of 
petroleum containing solid matter in suspension was published by 
the authors on April 30th, 1904. It is obvious that in cases not 
provided for in the Act it is necessary for the officer of the Local 
Authority to use judgment in the application of the test, and to 
avoid inflicting any unnecessary hardship on traders : 

MEMORANDUM. 
Petroleum Acts. 

It has recently come to our knowledge that attempts are being made 
by officers of Local Authorities to apply the legal test for petroleum 
to samples of liquid metal-polish, and we have satisfied ourselves by 
experiment that the results thus obtained are sometimes entirely 
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misleading, as they do not represent the temperature of the portion 
of the liquid from which inflammable vapour is being evolved. 

In carrying out the test prescribed by the Petroleum Act, 1879, 
the sample under examination is slowly heated in a closed cup, and 
the temperature is indicated by a thermometer, the bulb of which is 
immersed in the liquid in the centre of the vessel. In these 
circumstances the heat communicated to the sample through the 
walls of the cup creates in such a liquid as petroleum convection 
currents, and through the circulation thus set up the temperature 
of the contents of the cup is equalised, and the thermometer correctly 
indicates the temperature at which inflammable vapour is evolved 
by the liquid. 

On the other hand, if the sample contains solid matter in suspen- 
sion, as is the case with the liquid metal-polish in question, the 
formation of convection currents is interfered with, and the surface 
of the liquid from which inflammable vapour is evolved acquires a 
higher temperature than that of the portion in contact with the 
bulb of the thermometer. Thus, as we have ascertained experi- 
mentally, the thermometer may indicate a temperature of 59° F.» 
when the temperature of the surface is 83° F., and a sample may be 
erroneously reported as having a flash-point below the legal limit of 
73° F., when the true flash-point is far above the limit. 

No doubt this would have been provided for when the Act was 
passed if at that time the need for applying the test to such 
substances had been foreseen, but it was not until judgment in the 
case of the London County Council v. Holzapfel's Compositions 
Company, Limited, was given in 1899 that mixtures containing 
petroleum were held to be petroleum within the meaning of the 
Acts. 

In our handbook on Petroleum published in 1901, we referred on 
page 90 to the necessity for a stirrer in the oil-cup when the test 
specified in the Petroleum Act is employed for the testing of paints 
and other substances containing petroleum, and when opportunity 
occurs for a revision of the law this addition will doubtless be 
legalised. 

We are, however, of opinion that in the meantime Authorities 
charged with the administration of the Petroleum Acts should be 
made aware of the circumstances we have referred to, and that 
testing officers should take bteps to ascertain the true flash-point of 
samples of liquid metal-polish or other substances which are 
not thoroughly liquid and therefore cannot be satisfactorily 
tested in precise accordance with the directions given in the 
Schedule to the Act. In many instances it may be possible to 
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obtain a sample of the petroleum used in the substance, or the 
solid matter present in the sample can be removed by straining or 
filtration, care being taken to avoid loss of the more volatile con- 
stituents by evaporation, when the separated liquid can be tested 
in the prescribed manner. The liquid should not, however, be 
separated by distillation, as this operation may yield a distillate of 
lower flash-point than that of the petroleum with which the 
mixture was made. For guidance in determining whether there 
has been any infraction of the. law the sample may also be tested in 
an apparatus provided with an efficient stirrer. In any case of 
doubt as to the true flash-point of the material we would suggest 
that reference should be made to H.M. Inspectors of Explosives, at 
the Home Office, who will be prepared to give advice as to the 
course which should be adopted. 

(Signed) J. H. THOMSON, Captain, 
H.M. Chief Inspector of Explosives. 



(Signed) BOVERTON REDWOOD, 
Adviser on Petroleum to the Home Office. 



April 80<A, 1904. 



Page 234. 

Note on Section 6. — It was decided by the Courts that a person 
who travels with a horse and cart, and delivers goods at the houses 
of customers in compliance with their request, without having 
received previous orders for any specified quantities, is a hawker 
within the meaning of the Hawkers Act, 1888. 

This decision would probably hold even when the customers are 
retailers and not consumers, but would not apply where a standing 
order has been given for a specified quantity, to be delivered at 
intervals as required, even when payment is made on delivery. 
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Newfoundland, petroleum occur- 
rence in, 31 

Newport, explosion at, due to leak- 
age of petroleum, 160 

New York, petroleum field of, 28, 
32 

New Zealand, petroleum occurrence 
in, 31 

Notting Hill, fire at, 164 

Ociisenitjs, on the animal origin 

of petroleum, 15 
Ohio, petroleum of, 25, 27, 28, 31, 

32,33 
Oil containers of lamps, good and 

bad points of, 173, 174 
Oil fountains of Russia, 29 
Oleum Mldea, 4 
Oliphant, on the petroleum industry 

of the United States, 31 
Open test, 77 
Open test apparatus of Petroleum 

Act, 1868, 80-82 
Orton, on the origin of petroleum, 

12, 20, 21 ; on oil content of 

porous rocks, 27, 28 



Outflow of petroleum in fires, im- 
portance of preventing, 163, 164 
Ozokerite, 65 

Paint driers, 62 ; dangers of using, 
162 

Paints, 62 ; mode of testing paints 
containing petroleum, HO 

Paraffin, included in the legal defi- 
nitions of petroleum, 1 ; separa- 
tion of, from petroleum, 58, 60, 
65 ; testing of, 133 

Paraffin oil of Scotland, 7, 64, 66 

Paraffin scale, 65 

Paraffin wax, 65 

Paraffinum liquidum, 65 

Paraffinum molle, 65 

Parrish's naphthometer, 111-112 

Peat, 60 

Peckham, on the origin of petro- 
leum, 12 ; on the distribution of 
petroleum, 22, 23 

Pedler, Dr., on the flash-point in 
India, 92 

Pennsylvania, oil fields of. 28, 31, 
32,33 

Pensky, his modification of Abel's 
test, y3-101 

Pensky-Martens tester, 124-127 

Pentane, 57, 63, 123 

Persia, oil springs of, 6 

Peru, petroleum production in, 31, 
38 

Petriana, explosion on the, 166 

Petrol, 56, 57, 63 

Petrolatum, 65 

Petroleum, legal definition of, 1-3 ; 
commercial definition of, 3 ; 
origin of term, 3 ; synonyms for, 
3,4; Biblical references to, 4, 5 ; 
classical references to, 5 ; found 
in Barbados, and in other 
localities, 6 ; origin of, according 
to Bacon, 7, 8 ; Macquer, Berg- 
mann, Hatchett, 8 ; Berthelot, 9 ; 
Byasson, 10 ; Mendeleeff, 10, 1 1 ; 
Sokoloff, 11 ; Lesley, 11, 12 ; 
Ashburner, Orton, Peckham, 
Strippelmann, 12, Hofer, 12, 13 ; 
Engler, 12-14; Zaloziecki, 14, 15; 
Ochsenius, 15 ; Lesquereux, 15 ; 
comparison of the theories, 15, 
16 ; discussion on the organic 
origin of, 16-21 ; geological and 
geographical distribution, 22-38 ; 
transportation of, 46-48 ; 51,52 ; 
refining, 49-51 ; physical pro- 
perties of crude, 55 ; chemical 
composition of, 55, 56 ; commercial 
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Petroleum (continued) I 

products of, 56-67 ; fractional J 
distillation test for crude, 132 ; 
legislatiou referring to, 134-156 ; 
122 et seq.; model code of harbour 
by-laws respecting, 235 et seq. ; 
precautions necessary for, 157- 
160 ; storage quantity allowed 
14 ; imports of, into the United 
Kingdom for 1899 and 1900, 
200-202 ; regulations as to use 
of, for locomotives on highways, 
265-270 ; businesses licensed to 
use, 288-292 

Petroleum Acts, 1871, 1879, 139- 
140, 204-227, 313-314 

Petroleum distillate, 3, 50, 51 

Petroleum ether, 56, 57, 63 

Petroleum (Hawkers) Act, 1881, 
151-152, 232-234 

Petroleum oil, 3, 64 ; precautions 

necessary in using, 157 et seq. 
JPetroleum spirit, 63; Captain 
Thomson's pressure test for, 130, 
131 ; precautions necessary in 
using, 157 et seq., 288-292 ; im- 
ports of into the United King- 
dom during 1899, 1900, 202, 203 ; 
conveyance of, 241 ; regulations 
as to use of, for locomotives on 
highways, 265-270 

Petroleum wells, methods of sink- 
ing, in the United States, 39-45 ; 
in Russia, 48, 49 

Petrolina, 65 

Petroline, 66 

Photogene, 64 

Pieler, his hydrogen flame test 
lamp for mine air, 117, 118 

Pipe line transportation of oil, 47 ; 
pipes used for trunk lines, 47, 48 

Pissasphaltum, 4 

Pisselaeum, 4 

Pitch, 62 

Pitchford, bitumen at, 6, 7 

Pitman, 40 

Porous rocks as reservoirs for 
petroleum, 26, 27, 28 

Precautions as to use of petroleum, 
157-170 

Pressure in oil and gas wells, 28, 29 

Pressure test for petroleum spirit, 
Captain Thomson's, 130, 131 

" Protected works," definition of, 
164 ; storage in relation to, 293 

Pumping engines, 48 

Pumping from wells, 45 

Pyrometer, Tagliabue's, 104-107 

Pyron aphtha, G4 



Quebec, petroleum occurrence in, 
31 

Railway transportation of oil, 46, 
47 ; of spirit, 153, 154 

Rangoon oil, 1, 2, 37 

Reamers, 41 

Receiving tanks, 45, 46, 48 

Reckitt, Mr., Bill introduced by, 
146, 147 

Redwood, Sir Boverton, experi- 
ments by, at different altitudes 
and in tropical climates, 91 ; on 
testing the air of confined spaces 
for petroleum vapour, 117 et seq.; 
his standard viscometer, 133 

Redwood, R., his assistance in de- 
vising vapour-test, 117 

Redwood, T. H. (with Sir Boverton 
Redwood), photographs of flame- 
caps, 122 

Refined oil, 58 

Refining petroleum, 49-51 ; 64 

Regent's Park Canal, explosion on, 
165, 168 

Rhadinance, 5 

Rhigolene, 56 

Rods used in drilling petroleum 
wells, 49 

Romany, petroleum production of, 
34 

Roumania, petroleum production 
of, 31, 35, 36 

Russia, petroleum production of, 
30, 31, 33-34 ; method of sinking 
wells in, 49 

Sabuntchi, petroleum yield of, 34 
Safety devices for petroleum oil 

lamps, 176, 177 
St. Quirinus's oil, 4, 6 
Salleron-Urbain tester, 114, 116, 
Salt, 5 

Samson post, 39 
Sand as an extinguisher of fires 

caused by petroleum, 162 
Sand pump, 42 
Sand reel, 40 

Sandstones as oil reservoirs, 26 
Saxoline, 65 

Say bolt's electric tester, 79, 80 
Scotland, shale output of, 37 ; shale 

oil industry of, 51, 60 
Screen walls, specification of, 273- 

274 
Seneca oil, 4, 5 
Shale oil, 66 

Shale oil industry, 37, 51, 60 
Shale spirit, 66 
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Shales as a covering for reservoir 
rocks, 27 

Sharp oil, 66 

Sicilian oil, 4, 5 

Sinker bar, 41 

Slime, 4 

Sokoloff, on the origin of petro- 
leum, 11 

Solar oil, 58, 59, 64 

Solar oil distillate, 64 

Solvent naphtha, 66, 67 

Sparks, protection of petroleum 
spirit from, 168 

Specifications of tank depots and 
screen walls, 268-271 

Specific gravity as a test of petro- 
leum oils. 129-130 

Spudding, 43 

Squire's open test instrument, 78, 
79 

Stability, importance of, in a petro- 
leum lamp, 172 

Standardising testing apparatus, 
101-104 

Steam engine used in drilling 
petroleum wells, 40 

Steinol, 3 

Steuart on the flash-point, 71 

Storage of petroleum, precautions 
needed in, 164-165, 239-241 

Storage tanks for kerosene, 53 ; 
for petroleum, 162, 163 ; mode 
of cleansing, 166, 167 ; specifica- 
tion of, 268-270 

Strippelmann, on petroleum, 12 

Suffocation, danger of, when en- 
tering spaces charged with petro- 
leum vapour, 169 

Sumatra, petroleum production of, 
31,37 

Tagliabue, open test instrument, 
76, 77, 78 ; his coal oil pyro- 
meter, 104-107 

Tail house, 50-51 

Tancarville, explosion on the, 123 

Tank barges for transport of oil, 
47 ; specification of, for transport 
of spirit, 303-304 

Tank depots, specification of, 271- 
273 

Tank steamers for transport of oil, 
51 , 52 ; precautions needed in, 
165, 166, 309 

Tank wagons for carrying oil, 46, 47 

Telegraph, 40, 41 

Temper screw, 42 

Tennessee, petroleum production 
of, 31, 32 



Tennis shoe makers, use of petro- 
leum by, 290 

Terrace structure associated with 
petroleum deposits, 25 

Test-tube method of testing flash- 
point, 116, 117 

Testing, 77-133 ; 228-231 

Texas, production of petroleum in, 
31,32 

Thames Conservancy, by-laws re- 
lating to carbide of calcium, 294- 
296 ; by-laws relating to petro- 
leum, 296-303 ; bv-laws relating 
to petrol motor-launches, 304- 
307 ; specification for tank barges, 
303-304 

Thomson, Gapt., his pressure test 
for petroleum spirit, 130-131 

" Three chemists," report of the, 
136 

Todmorden, suffocation accident 
at, 169 

Toluene, 61, 66 

Torpedoing wells, 45 

Toy balloon making, use of petro- 
leum spirit in, 292 

Transportation of petroleum, 46- 
48 ; 51, 52 ; precautions needed 
in, 165 et seq. 

Trenton limestone as an oil reser- 
voir, 26-28 ; 32 

Trinidad, asphalt at, 6 ; probable 
«plant origin of bitumen in, 18, 19 

Tropical climate, effect of, on the 
flash-point, 91-93 : testing in, 
228-231 

Trunk lines, 47 ; pipes used for, 
47,48 

United States, petroleum produc- 
tion in, 30-33 ; methods of sink- 
ing petroleum wells in, 39-45 ; 
mode of raising and transporting 
the oil in, 45-49 

Van Syckle, his successful pipe- 
line, 47 

Tarnishes, 62 
| Vaseline, 58, 65 

| Ventilation of petroleum spirit 
! stores, 162 ; of tank steamer 
i holds, 166 

| Viscometer, Sir Boverton Red- 
i wood's standard, 133 

Viscosity test for lubricating oils, 
132, 133 



Walker Gate, fire at, 163 
Walking beam, 39 
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Wall, on Trinidad Pitch Lake, 18, 19 

Warden, Dr., on the flash-point in 
India, 92 

Water, products formed by its 
action on carbides, 10 ; of no use 
for extinguishing fires caused by 
petroleum, 162 ; or by calcium 
carbide, 193 ; dangers arising 
from contact of, with calcium 
carbide stores, 193, 194 

Water-lime bed as an oil reservoir, 28 

Waterproof garment makers, use 
of petroleum spirit by, 291 

Water- white oil, 58 ; experiments 
with, 84, 85 

West Indies, petroleum occurrence 
in, 31 

West Virginia, petroleum yield of, 
31, 32, 33 



Westphal balance, 130 

Wick- tube of petroleum oil lamps, 

176 
Winged substitute, 41, 42 
Wisconsin tester, 107 
Wrenches, 42 
Wyoming, petroleum occurrence in. 

32 

Xerotine Siccative, explosion of 

vapour from, 162 
Xylene, 61 

Yenangyauno, petroleum at, 6, 37 

Zaloziecki, on the animal origin 

of petroleum, 14, 15 
Zuber, on Carpathian petroleum, 

18 



CORRIGENDA 



Page 14, line 14, for Neish read Veith. 
„ 87, line 11 from bottom, for Haas read Haass. 
„ 97, third line from bottom, for lio read lid. 

„ 115, line 4 from bottom, for Haas read Haass. 

„ 133, second marginal note, for Fricton read Friction. 

„ 206, line 6, for imflammable read inflammable, 
•t » » 26, f or Holtzapf els read Holzapf el's. 
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THE PRINCIPLES AND PRACTICE OF 

HARBOUR ENGINEERING. 

By BRYSSON CUNNINGHAM, 

Contents. — Introductory. — Harbour Design. — - Surveying, Marine and 
Submarine. — Piling. — Stone, Natural and Artificial. —Breakwater Design. — 
Breakwater Construction. — Pierheads t Quays, and Landing Stages. — 
Entrance Channels.— Channel Demarcation. —Index. 

" The best and most complete book we have seen on the subject."— Steanuhip. 

" This is a standard work . . . sure to prove a valuable book of reference." — 
Shipping World. 



In Crown 8vo. Handsome Cloth. Fully Illustrated. 

HYDROGRAPHIC SURVEYING. 

For the Use of Beginners, Amateurs, and Port and 
Harbour Masters. 

By COMMANDER S. MESSUM, R.N., 

Instructor in Nautical Surveying, R.N. College, Greenwich. 

Contents. — Sextant. — Protractor. — Station Pointer. — Theodolite. —Projections. - 
Symbols and Abbreviations.— Plotting and Triangulatioh of a Small Plan.— Matt-hea* 
Angle Survey.— Meridian Distances.— Appendix.— Index. 
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Third Edition, Thoroughly Revised and Enlarged. Pp. i-xvi + 227. 
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HYDRAULIC POWER 

AND 

HYDRAULIC MACHINERY. 

By HENRY ROBINSON, M.Inst.C.E., F.G.S., 

PILLOW OF KINO'S COLLEGE, LONDON I PKOP. EMSB1TUS OF CIVIL ENGINEERING, 
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Contents —Discharge through Orifices.— Flow of Water through Pipes.— Accumulator*. 
—Presses and Lifts.— Hoists. — Rams.— Hydraulic Engines. — Pumping Engines.— Capstans. 
— Traversers. —Jacks. — Weighing Machines. — Riveters and Shop Tools. — Punching. 
Shearing, and Flanging Machines. —Cranes.— Coal Discharging Machines. — Drills and 
Cutters.— Pile Drivers, Excavators, &c— Hydraulic Machinery applied to Bridges^ Dock 
Gates, Wheels and Turbines.— Shields. — Various Systems and Power Installations — 
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"The standard work on the application of water power."— Cassurs Mmgaaine. 



Second Edition, Greatly Enlarged. Pp. i-xiv + 336. With Frontispiece, 
12 Plates, and 279 other Illustrations. 21*. net. 

THE PRINCIPLES AND CONSTRUCTION OF 

PUMPING MACHINERY 

(STEAM AND WATER PRESSURE). 

With Practical Illustrations of Engines and Pumps applied to Murine, 

Town Watkb Supply, Drainage of Lands, &o., also Economy 

and Efficiency Trials of Pumping Machinery. 

By HENRY DAVEY, 

Member of the Institution of Civil Engineers, Member of the Institution of 
Mechanical Engineers, F.Q.8., Ac. 

Contents —Early History of Primping Engines— Steam Pumping Engines - 
Pomps and Pump Valves— General Principles of Non-Rotative Pumping 
Engines — The Cornish Engine, Simple and Compound — Types of Mining 
Engines— Pit Work— Shaft Sinking— Hydraulic Transmission of Power in 
Mines— Electric Transmission of Power— Valve Gears of Pumping Engines 
— 'Water Pressure Pumping Engines — Water Works Engines — Pumping 
Engine Economy and Trials of Pumping Machinery— Centrifugal and other 
Low-Lift Pumps— Hydraulic Bams. Pumping Mains, eta. — Index. 
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SEA WATER DISTILLATION. 

By FRANK NORMANDY, of the Middle Temple, Barrister-at-Law. 

Comtsnts.— Distilling Machinery.— Sea Water.— Steam.— Multiple Distillation.— The 
Evaporator.— The Distilling Condenser.— Pumping Machinery.— Useful Memoranda:— 
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—Marine Engineer. 
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pp. i-xxiv+712. With 250 Illustrations, reduced from 
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A MANUAL OF 

MARINE ENGINEERING: 

COMPRISING THE DESIGNING, CONSTRUCTION, AND 
WORKING OF MARINE MACHINERY. 

By A.B. SEATON, M.I.C.E., M.LMeeh.E., H.I.N.A. 

General Contents. — Past I. — Principles of Marine Propulsion. 
Pabt II. — Principles of Steam Engineering. Part 111. — Details of 
Marine Engines : Design and Calculations for Cylinders, Pistons, Valves, 
Expansion Valves, &c. Part IV. — Propellers. Part V.— Boilers. 
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65 other Illustrations, and 60 Tables. 12s. 6d. net. 

THE SCREW PROPELLER 

And other Competing Instruments for Marine Propulsion. 

By A. E. SEATON, M.Inst. C.E., M.I.Mech.E., M.I.N.A. 

" Contains all that is useful to know about the screw propeller. . . . Thoroughly 
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ENGINE DESIGN. 

By LIONEL M. HOBBS, 

Engineer-Lieutenant, B.N.; Instructor in Applied Mechanics and Marine Engine 
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THE THEORY OF THE STEAM TURBINE. 

A Treatise on the Principles of Construction of the Steam Turbine, 
with Historical Notes on its Development. 

By ALEXANDER JUDE. 

Contents— Fundamental.— Historical Notes on Turbines.— The Velocity of Steam.— 
Types of Steam Turbines.— Practical Turbines.— The Efficiency of Turbines, Type 1 — 
Trajectory of the Steam.— Efficiency of Turbines, Types II.. III. and IV.— Turbine Vane*.— 
Disc and Vane Friction in Turbines.— Specific Heat of Superheated Steam.— Strength 
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LECTURES ON THE MARINE STEAM TURBINE. 

By Prof. J. HARVARD BILES, M.Inst.N.A., 
Professor of Naval Architecture in the University of Glasgow. 
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ENGINE-ROOM PRACTICE! 

A Handbook for Engineers and Officers in the Royal Navy and Mercantile 

Marine, including the Management of the Main and Auxiliary 

Engines on Board Ship. 

By JOHN G. LIVERSIDGB, Engr.-Oommr. R.N., A.M.I.C.E, 
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Automatic F*ed - Water Kegnlatora. — Evaporatora — Steam Bouts. — Electric Light 
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-Machinery of tteatroy era.— Tbo Management of Water-Tube Boilers.— Regulatlann for 
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"Iiu* vui uu)«,i. iiwM. . . . iu-UiiXttiiiiiii^ ji__ jI ojuux ixi%>a3<uius lit a work 
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80aNTIJKQ8 9 AND PRESSURES, SaJETT VaLTRS, SPRINGS, 

FITTINGS AND MOUWTOIOS, ka. 
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A MANUAL OF 

LOCOMOTIVE ENGINEERING: 

A Practical Text-Book for the Use of Engine Builders, 

Designers and Draughtsmen, Railway 

Engineers, and Students. 

By WILLIAM FRANK PETTIGREW, M.Inst.CE. 



al Introduction, 1708-1868. — Modern Locomotives: Simple. - 
Modern Locomotives: Compound. — Primary Consideration in Locomotive Design. - 

S linden, Steam Chests, and Staffing Boxes.— Pistons, Piston Bods, Orossheads, and 
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and Bearing SpringsT—BeJanciiig.— Valve Gear.— 81ide Valves and Valve Gear Details.— 
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In Large 8vo. Pp. i-xxi + 189. With Frontispiece and 148 other 
Illustrations. 8s. 6cL net. 

LOCOMOTIVE COMPOUNDING AND 8UPERHEATING. 

Bt J. F. GAIENS. 

Contests.— Introductory.— Compounding and Superheating for Locomotives.— A 
Classification of Compound Systems for Locomotives.— The History and Development of 
the Compound Locomotive.— Two-Cylinder Non-Automatic Systems. — Two-Cylinder 
Automatic Systems.— Other Two-Cylinder 8ystems.— Three-Cylinder Systems.— Four- 
Cylinder Tandem Systems.— Four-Cylinder Two-Crank Systems (other than Tandem).— 
Four-Cylinder Balanoed Systems.— Four-Cylinder Divided and Balanced Systems.— 
Articulated Compound Engines.— Triple-Expansion Locomotives.— Compound Back 
Locomotives.— Concluding Remarks Concerning Compound Locomotives.— The Use of 
8uperheated Steam for Locomotives.— Index. 
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LIGHT RAILWAYS 

AT HOME AND ABROAD. 

Bt WILLIAM HENRY OOLE, M.Inct.O.E., 

Lata Dapatj-Xanaxer, North- Waatara Railway, India. 
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MOTOR-CAR MECHANISM AND MANAGEMENT. 

By W. POYNTER ADAMS, M.Inst.RE. 

PART I.— THE PETROL CAR. 5s- net 

Second Edition. Pp. i-xii + 204. With 36 Illustrations, including 
6 Plates and Frontispiece. 

" Should be carefully studied by those who have anything to do with motors.' —Auto- 
•mobile and Carriage Builder? Journal. 

PART IL-ELECTRICAL AND PETROL ELECTRICAL 
MOTOR CARS. 5s. net. 

Pp. i-x + 202. With 50 Illustrations, including Frontispiece and 
3 Plates, contains also 13 page Glossary. 
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In Large 8vo. Handsome Cloth. Pp. i.ix + 376. With 12 Folding 
Tables and 329 Illustrations. 18s. net 

A MANUAL OP 

PETROL MOTORS AND MOTOR-CARS. 

-Comprising the Designing, Construction, and Working of Petrol Motors. 
By F. STRICKLAND. 
Gbniral Contents.— Part I. : Engines.— Historical.— Power Required.— General 
Arrangement of Engines.— Ignitiou.— Carburettors.— Cylinders, Pistons, Valves, Ac.— 
-Crank Shafts, Crank: Chambers, Cams, Banners, Guides, Ac. —Pumps.— Flywheels.— 
Pipe Arrangements.— Silencers.— Engine Control, Balancing.— Motor Cycle Engines.— 
Marine Motors.— Two-Cycle Motors.— Paraffin Carburettors.— Gas Producers Pabt 
II.: CARS.— General Arrangements. —Clutches.— Transmission. — Differential Gears.— 
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-Steering Gear. — Radiator. — Steps, Mudguards, Bonnets, Ac. — Lubrication. — Ball 
Bearings.— Bodies.— Factors of Safety.— Calculations of Stresses.— dp ' " ~" 
-Gears.— Special Cars.— Commercial Vehicles.— Racing Cars Indsx. 



"Thoroughly practical and scientific. . . . We have pleasure in recommending it to all." 

In Medium 8vo. Handsome Cloth. Pp. i-xv + 272. With 306 
Illustrations. 15s. net. 

OIL MOTORS. 

Their Development, Construction, and Management 

By G. LIECKFELD. (Authorised English Edition). 

Contents,— Liquid Fuels for Power Production.— Development of the Petrol and 
Paraffin Motors.— Working of the Later Paraffin and Petrol Engines.— Ignition Devices. 
—Examples of Stationary Petrol, Alcohol, Paraffin, and Crude Oil Engines.— Automobiles. 
—Ship Boat, and Air-ship Engines.— Vehicles, Ac, Driven by internal Combustion 
Engines.— Erection and Attendance of Engines Driven with Liquid Fuel.— Correcting 
Irregularities in Running. 

" One of the most comprehensive publications we have perused, and one that can be 
-thoroughly recommended."— Petroleum Review. 
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130 Illustrations. 6s. net. 

CARBURETTORS, VAPORISERS, A VALVES, 

used in Internal Combustion Engines. 
By EDWARD BUTLER, M.I.Mech.E. 
" Mr. Butler writes with an intimate practical knowledge of his subject, and the book 
Is one we have every pleasure in recommending."— Mechanical Engineer. 
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A TEXT-BOOK ON 

GAS, OIL, AND AIR ENGINE3. 

By BRYAN DONKIN, M.Inst.C.E., M.Inst.Mech.E. 

Revised throughout by T. Graves Smith. With important New Chapter 
by Prof. Burstall. 

In Quarto, Handsome Cloth. With Numerous Plates. 25s. 

THE HEAT EFFICIENCY OF 8TEAM B0ILER8 

(LAND, MARINE, AND LOCOMOTIVE). 

With Tests and Experiments on Different Types, Heating Value of Fuels- 
Analyses of Gases, Evaporation, and Suggestions for Testing Boilers. 

By BRYAN DONKIN, M.Inst.CE. 
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In Large Crown 8vo. Cloth. Pp. i-vii + 198. With 55 Illustrations. 
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SUCTION GAS PLANTS. 

By Peof. C. A. SMITH, of the East London Technical College. 
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and Uses of Suction Plants.— Working the Plant.— Typical Plants.— Plants for Special 
Purpose*.— Total H.P.— Effluent.— Cost of Gas Production.— The Gas Engine.— Biblio- 
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In Handsome Cloth. Pp. i-iv + 262. With 93 Illustrations. 12s.6d.net. 

THE GAS TURBINE. 

Progress in the Design and Construction of Turbines 

Operated by Gases of Combustion. 

By HENRY HARRISON SUPLEE, B.Sc. 

Second Edition. Large 8vo, Handsome Cloth. Pp. i-xxxi x 538. 
With 157 Illustrations, 97 Tables, Ao. 21s. net. 

Lubrication & Lubricants: 

A Treatise on the Theory and Practice of Lubrication, and on the 
Nature, Properties, and Testing of Lubricants. 
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LEONABD ABOHBUTT, F.I.O., F.O.8., B. M. DEELEY, ILLMeoluE., F.G.8. 
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Cohtbntb.— L Friction of Solid*.— TJ. Liquid Friction or Viscosity, sad Flattie 
Motion.— HI. Superficial Tension.— IV. The Theory of Lubrication.— V. Lubricants, 
their Sources, Preparation, and Properties.— VL Physical Properties and Methods of 
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Methods.— EL The Mechanical Testing of Lubricants.— X. The Design and Lubrication 
of Bearings.— XL The Lubrication of Machinery.— Inpix. 
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THE FORCE OF THE WIND. 
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Contents. — Practical Importance of Wind Pressure. — Impulsive 
Force of the Wind.— Variations in Velocity. — Stream Line Theory . —Stress 
in Structures due to Wind. — Windmills. — Train and Motor Resistance. — 
Effect of Wind on Water.— Scouring Effect of Wind.— Index. 
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STRESSES IN MASONRY. 

By HERBERT CHATLEY, B.Sc. Eng. (Lond.). 

Contents. — Strength of Stone. — Walls. —Columns and Piers.— 
Brackets and Cantilevers. —Simple Arches.- Vaults and Skew Arches. — 
Domes. — Retaining Walls and Domes. — Artificial Stone. — Reinforced 
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In Handsome Cloth. With 11 Folding Tables. 
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STEAM - BOILERS: 
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Chief Engineer of the Scottish BoUer Insurance and Engine Inspection Company. 
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EMERY GRINDING MACHINERY. 

A Text-Book of Workshop Practice In General Tool Grinding;, and the 
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In Crown Quarto. Cloth. Fully Illustrated. 
AN ELEMENTARY TEXT-BOOK ON 

MECHANICAL DRAWING. 

By JOHN E. J AGGER, M.Sc.(Vic)., Whit. Sch. 

A work produced from Notes and Observations made during many 
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VALVES AND VALVE- GEARING s 

A Practical Text-book for the use of Engineers, Draughtsmen, and Students. 
By CHARLES HURST, Practical Draughtsman. 
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Part II.— Gas Engine Valves and Gearing. 

Gears. I Part IV.— Pump Valves. 
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Hurst, "Author of Valves and Valve Gearing." Second Edition, 
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densers.— V. Motion Work.— VI. Crank Shafts and Pedestals.— VIL Valve Gear.— VIII. 
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grasp of the subject, and not the mere faculty of mechanical copying. ... Mr. Wells shows 
now to make ookflsib womxiire-DBAwwaa, discussing folly each step in the design."— JsTsstHesI 



LONDON: GHARLE8 QRIFFIN ft CO., LIMITED, EXETER STREET, 8TRAND. 



BNQINXKRIHQ AND MBVHAMC&. 25. 

Second Edition, Enlarged. In Crown 8vo. Cloth. Pp. i-xiii + 463. 
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PRACTICAL CALCULATIONS FOR ENGINEERS. 

By CHARLES E. LARARD, 
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In Crown 8yo, Handsome Cloth. Pp. i-xii + 282. With 107 
Illustrations. 5s. net. 

MECHANICAL ENGINEERING 

FOR BEGINNERS. 

By R. S. M'LAREN. 

Contests.— Materials.— Bolts and Nuts, Studs, Set Screws.— Boiler*.— Steam Raising: 
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Oil Engines.— Strength of Beams, and Useful Information.— IHDEX. 

" The best of its kind we have seen, and should be in the hands of every apprentice." 
—Steamship. 

Sixth Edition. Folio, strongly half-bound, 21s. 

TRAVERSE TABLES: 

Computed to Four Places of Decimals for every Minute of Angle 

up to 100 of Distance. 

For the Use of Surveyors and Engineers. 

By RICHARD LLOYD GURDEN, 

Authorised Surveyor for the Governments of New South Wales and Victoria. 

\* Published with the Concurrent* of the Surveyors-General for New South 

Wales and Victoria. 

"Those who have experience in exact Suxvar-woftK wul best know how to appreciate 

the enormous amount of labour represented by this valuable book. Every Surveyor in 

active practice has felt the want of such astieramre raw knowing or thsik (the Tables> 

PUBLICATION WILL KSMA1N WITHOUT THMM." —BngtH**r. 



Strongly Bound in Super Royal 8vo. Cloth Boards. 7s. dd. net. 



For Calculating" Wages on the Bonus or Premium Systems. 

For Engineering, Technical and Allied Trade*. 

By HENRY A. GOLDING, A.M.I.Mech.E., 

" Oannot fafl to prove practically serviceable to those for whom they have been 
designed. "—Sooteman. 

HORSE-POWER COMPUTERS. 

By H. A. GOLDING, A. M. I. Mech. E , A. M.I. A. E. 
For Steam, Oas, and Oil Engines. Complete with Explanatory 

Pamphlet. In Box. 5s. net. 

For Petrol Motors. Complete with Explanatory Pamphlet. In 

Envelope. 6d. net. 

Detailed Prospectus on Application. 

LONDON: CHARLE8 GRIFFIN 4 CO.. LIMITED. EXETER 8TREET. STRAND. 
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Second Edition, Revised. In Crown 8w, extra, with Diagrams 
and Folding-Plate. 7s. 6d. net. 

THE CALCULUS FOR ENGINEERS 
AND PHYSICISTS, 

INTEGRATION AND DIFFERENTIATION, 

With Applications to Technical Problems; 

AND 

CLASSIFIED REFERENCE LIST OF INTEGRA!*. 

By PROF. ROBERT H. SMITH, A.M.Inst.C.E., M.LMech.E., &o. 

'" Interesting distrains, with practical illustrations of actual occurrence, are to be found hero 
In abundance. Tsi tut compuii classified uvbhmci vabu will prove very useful tn 
Mvtnf the time of tboie who want an Integral in a hurry."— ITU Mmoimeer. 

in 4to, Board*. 7b. 6d. 

MEASUREMENT CONVERSIONS 

(English and French) : 
43 GRAPHIC TABLES OR DIAGRAMS, ON 28 PLATES. 

Showing at a glance the Mutual Conversion of Mbasubjeksntb 

in Ditfhuknt Units 

Of Lengths, Anas, Volumes, Weights, Stresses, Densities, Quantities 

of Work, Horse Powers, Temperatures, Ac. 

For the use of Engineer*. Surveyors, Architects, and Contractor*. 

By PROF. ROBERT H. SMITH, A.M.Inst.C.E., M.LMbch.E., Ac. 



Third Edition. Pocket Size, Leather Limp, with Gilt Edges and Bounded Corners, 
printed on Special Thin Paper, with Illustrations, pp. i-zil + 884. Price 18b. net 

TNE MECNANICAL ENGINEER'S REFERENCE BOOK. 

Br HENRY HARRISON STJPLEE, B.Sc., M.E. 

" We feel sure it will be of great service to mechanical engineers."— Engineering. 



With Diagrams. Crown 8vo. Cloth, 4s. 6cL 

THE STUDENT'S MECHANICS: 

An Introduction to the Study of Force and Motion. 
By WALTER R. BROWNE, M.A., M.Inst.C.E. 

" Clear In style and practical in method, 'Thb Stuobnt's Mechanics' is contiauy to be 
recommended from all points of view. "—A tht n m tm . 

By thb Same Author. 

FOUNDATIONS OF MECHANICS. 

Papers reprinted from the Engineer. In Crown 8vo, it. 
Second Edition. Crown 8vo. Illustrated. 7s. 6d. 

THE MECHANIC'S GUIDE. 

A Handbook for Engineers and Artisans. With Copious Tables and 
Valuable Recipes for Practical Use. 

By W. VINCENT SHELTON-BEY, 

Foreman to the Imperial Ottoman Gun Factories, Constantinople. 

LONDON: CHARLES GRIFFIN 4 CO., LIMITED, EXETER 8TREET. STRAND. 
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WORKS BY 
ANDREW JAMIESON, M.INST.C.E., M.I.E.E„ F.R.S.E., 

Formerly Professor o/EUctrkal Engineering t TJu Glas. and W. of Scot. Tick. Cell. 



PB0FE8S0R JAMIESON'B ADVANCED TEXT-BOOKS. 

/* Large Crown %vo. Fully Illustrated* 

STEAM AND STEAM-ENGINES, INCLUDING TURBINES 

AND BOILERS. For the Use of Engineers and for Students preparing 
for Examinations With 800 pp., over 400 Illustrations, 11 Plates, many 
B. of E., C. and G., Questions and Answers, and all Inst. C.E. Exams, 
on Theory of Heat Engines. Sixteenth Edition, Revised. 10s. 6d. 
" The Best Book yet published for the use of Students."— Engineer. 

APPLIED MECHANICS & MECHANICAL ENGINEERING. 

Seventh Edition. In Five Volumes. Including All the Jnst. C.E. 
Exams, in Section A, (I) Applied Mechanics; (2) Strength and 
Elasticity of Materials ; (3a) Theory of Structures ; Section B (Group ii.) 
Hydraulics ; Theory of Machines. Also B. of E. ; C. and G. Questions 

Vol. I.— Applied Mechanics. Large Cr. 8vo. Pp. i-xviii + 382. 6s. 

„ il— Strength of Materials. Large Cr.8vo. Pp.i-xviii+264. 5s. 
„ III. -Theory of Structures. Large Cr.8vo. Pp. i-xvhi+232. 5s. 

„ IV.— Hydraulics. Large Cr. 8vo. Pp. i-xvi+ 274. 5s. 
„ V.— Theory Of Machines. Large Cr. 8vo. Shortly. 

*»+ In. Five volumes* each complete in itself, and sold separately. 



PROFESSOR JAMESON'S INTRODUCTORY MANUALS 

Crown Svo. With IUuttratUm and Examination Paptrt, 

ST BAM AND THE STEAM-ENGINE (Elementary 

Manual of). For First- Year Students, forming an Introduction to the 
Author's larger Work. Twelfth Edition, Revised and Enlarged. 3/0. 
" Should bo in the hands of rvbry engineering apprentice.*'— Practical Engineer. 

MAGNETISM AND ELECTRICITY (Practical Elementary 

Manual of). For First- Year Students. With Stud. Inst. C. E. and B. of E. 
Exam. Questions. Eighth Edition, Revised and Enlarged. 3/6. 
'* A thoroughly TRUSTWORTHY Text-book. Practical and dev.—Nalnr*. 

APPLIED MECHANICS (Elementary Manual of). 

For First- Year Students. With B. of E., C. and G. ; and Stud. Inst. C.E. 
Questions. Ninth Edition, Revised and Greatly Enlarged. 3/0 
11 The work hat vbry high qualittrs, which may be condonicd into the one word 
4 CLMAK.'*—Scie*c* and Art. 



i POCKET-BOOK of ELECTRICAL RULES and TABLES. 

For the Use of Electricians and Engineers. By John Monro, C.E., 
and Prof. Jamieson. Pocket Sice. Leather, 8s. 6d. Nineteenth 
Edition. [See p. 30. 

10ND0N: CHARLE8 GRIFFIN <t CO., LIMITED. EXETER STREET, STRAND. 
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WORKS BT W. J. KiCQDORR RANKIHE, LLD., F.R.S. 

Thoroughly Revised by W. J. MILLAR, CEL 

A MANUAL OF APPLIED MECHANICS : Comprising the- 

Principles of Static* and Cinematics, and Theory of Structures, 
Mechanism, and Machines. With Numerous Diagrams. Grown 8vo, 

Cloth. EIGHTEENTH EDITION. 12s. 6d. 



A MANUAL OF CIVIL ENGINEERING: Comprising Engin 

earing Surveys, Earthwork, Foundations, Masonry, Carpentry, MetaJ 
Work, Roads, Railways, Canals, Riven, Waterworks, Harbours, Ac. 
With Numerous Tables and Illustrations. Crown 8vo, Cloth. 
Twenty-Thibd Edition. 16s. 



A MANUAL OF MACHINERY AND MILLWOBK: Com- 

S rising the Geometry, Motions, Work, Strength, Construction, and 
bjeots of Machines, to. With nearly 800 Illustrations. Crown 
8vo, Cloth. Seventh Edition. 12n. foj. 



A MANUAL OF THE STEAM-ENGINE AND OTHER 

PRIME MOVERS. With a 8eotion on Gas, Oil, and Air 
Engimks, by Bryan Don kin, M.InstC.E. With Folding Plate* 
and Numerous Illustrations. Crown 8vo, Cloth. Seventeenth 
Edition. 12b. 6d. 

USEFUL RULES AND TABLES: For Architects, Builders, 
Engineers, Pounders, Mechanics, Shipbuilders, Surveyors, Ac With 
Appendix for the use of Elbotrioal Engineers. By Professor 
Jamieson, M.Inst.C.E., M.I.E.E. Eighth Edition. 10s. 6d. 



A MECHANICAL TEXT -BOOK: A Practical and Simple 
Introduction to the Study of Meohanios. By Professor Rankinb 
and E. F. Bambrr, C.E. With Numerous Illustrations. Crown 
8vo, Cloth. Fiith Edition. 9s. 

V The " MsoaAjnoAL Text-Book " was dmgi*d 6y Professor Banm m* m Urmo- 
ductiok to th* ibov* Series of Mm*m*U. 



MISCELLANEOUS SCIENTIFIC PAPERS. Part I. Tempera. 

ture, Elasticity, and Expansion of Vapours, Liquids, and Solids. 
Part II. Energy and its Transformations. Part IIL Wave-Forms, 
Propulsion of vessels, 6to. With Memoir by Professor Tait, M.A. 
With fine Portrait on Steel, Plates, and Diagrams. Royal 8vo. 
Cloth. 31s. 6d. 

** No more enduring Memorial ofProfcmor Rankine ooold be devised than the pabbcn- 
Hon of these papers in an accessible form. . . . The Collection is most valuable m 
tm M .it of the nature of his discoveries, and the beauty and completeness of his analysis." 

—Architect. 

UWDON: CHABLE8 GRIFFIN ft CO.. LIMITED, EXETER 8TREET, STRAND 
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ELECTRICAL ENGINEERING. 

Second Edition, Revised. In Large 8vo. Cloth. Pp. i-xvi + 496. 
With 145 Illustrations, including 7 Plates. 24s. net. 

CENTRAL ELECTRICAL STATIONS: 

Their Design, Organisation, and Management. 

By CHAS. H. WORDINGHAM, A.K.C.,M.Inst.C.E., M.Inst.Mech.E.,. 

Late Memb. of Council Inst.E.E., and Electrical Engineer to the City of Manchester ; 

Electrical Engineer-in-Chief to the Admiralty. 

" One of the most valuable contributions to Central Station literature we have had* 

(or. some time."— EUctrtcity. 



In Large 8vo. Handsome Cloth. Pp. i-xv + 231. With 2 Plates and 
204 other Illustrations. 12s. 6d. net. 

ELECTRICITY CONTROL. 

A Treatise 011 BJeetrie Swltehgear and Systems of Electric Transmission 
By LEONARD ANDREWS, 

Associate Membei of the Institution of Civil Engineers, Member of the Institution of 
Electrical Engineers, &c 

General Principles of Switchgear Design. —Constructional Details. —Circuit Breakers or 
Arc Interrupting Devices.— Automatically Operated Circuit Breakers.— Alternating Reverse 
Current Devices. — Arrangement of 'Bus Bars, and Apparatus for Parallel Running. — 
General Arrangement of Controlling Apparatus for High Tension Systems. — Genera) 
Arrangement of Controlling Apparatus for Low Tension Systems.— Examples of Complete 
Installations.— Long Distance Transmission Schemes. 

" Not often does the specialist have presented to him so satisfactory a book as this. . . . 
We recommend it without hesitation to Central Station Engineers, and, in fact, to anyone 
interested in the subject. "—Power. 



Large 8vo. Cloth. Pp. i-x + 333 and 307 Illustrations. 16b. net. 

ELECTRICITY METERS. 

By HENRY G. SOLOMON, A.M.Inst.E.E. 
" An earnest and successful attempt to deal comprehensively with inodei n methods of 
measuring current or power in electrical installations."— Engineering, 



In Large 8vo. Handsome Cloth. Fully Illustrated. 

TRANSFORMERS. 

By HERMANN BOHLE, M.I.E.E., 

Prof, of Electrotechnios, 8. A. College, Cape Town, 
And Profbssok DAVID ROBERTSON, B.Sc, A.I.E.E., of Bristol. 

Contents.— General Principles.— Magnetising and No-Load Currents.— Losses ii> 
Transformers.— Iron Losses.— Copper Losses. -Temperature Rise.— Magnetic Leakage.— 
Leakage Inductance.— Vector Diagrams for Transform era. —Systematic Testing of Trans- 
formers.— Insulating Materials.— Examples of Construction.— Design of Transformers.— 
Applications of Transformers.— Regulating and Phase-ChangiDg Transform era. —Index. 



In Large 8vo. Pp. i-x + 116. With 79 Illustrations. 8a 6d. net. 

WIRELESS TELEGRAPHY. 

By OUSTAVB EICHHORN, Ph.D. 

"Well written . . . and combines with a good deal of description a careful 
investigation of the fundamental theoretical phenomena"— Nature. 

LONDON : CHARLE8 GRIFFIN A CO., LIMITED, EXETER STREET, 8TRAKC 
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In Large Crown 8vo. Cloth. Pp. i-xvi+268. With 222 Illustrations. 

5s. net. 

TELEGRAPHIC SYSTEMS, 

AND OTHER NOTES. 

A Handbook of the Principles on which Telegraphic Practice is Based. 

By ARTHUR CROTCH, of the Engineer-in-Chiefs Department, G. P. a 
Contents.— Batteries, Primary and Secondary. — Universal Battery Working.— 
Duplex Telegraphy. — Duplex and Quadruple! Telegraphy.— Automatic Telegraphy.— 
Multiplex Telegraphy.— The Hughes Type Printing Instrument— The Baudot System.— 
The Murray Type Printing Telegraph,— Test and Battery Boxes.— Circuit Concentration, 
6c. — Repeaters. — Submarine Telegraphy. — Wireless Telegraphy. — Index. — List of 
Diagrams or Connections. 

"This book is a particularly good one . . . we can thoroughly recommend it « • • 
a handy book of ready reference"— Electrical Review. 

"The treatise will be of much help to the telegraph engineer, and to the student 
in his preparatory training and it can be thoroughly recommended."— Electrician. 



Nineteenth Edition. Leather, Pocket Size, with 8io pages. 8s. 6d. 

A POCKET-BOOK OF 

ELECTRICAL RULES & TABLES 

FOX THE USE OF ELECTRICIANS AND ENGINEERS. 
By fOHN MUNRO, C.E., & Prof. JAMIESON, M.Inst.CE., F.R.S.M. 
M WownamruiXY Pawner. . . . Worthy of the highest mmiaanrtsrion we can 
fhre VL m —EUctriciam. 

GRIFFIN'S ELECTRICAL PRICE-BOOK : For Electrical, Civil, 
Marine, and Borough Engineers, Local Authorities, Architects, Railway 
Contractors, &c. Edited by H. J. Dowsing. Second Edition. 8s. 6d. 



ELECTRIC SMELTING AND REFINING. [See p. 52. 

ELECTRO METALLURGY, A Treatise on. [See p. 52. 

ELECTRICAL PRACTICE IN COLLIERIES. [See p. 42. 

ELECTRICAL SIGNALLING IN MINES. [See p. 43. 

In Large Crown 8vo. Handsome Cloth. 

ELECTRICAL THEORY 

AND THE 

PROBLEM OP THE UNIVERSE. 

By G. W. DE TUNZELMANN, B.Sc, London, 
Member of the Institute of Electrical Engineers ; formerly Professor of Natural 

Philosophy and astronomy, H.M.S. " Britannia,' Dartmouth. 
Contents. — Fundamental Electrical Phenomena. — Units and Measurement — 
Meaning and Possibility of a Mechanical Theory of Electricity.— The Ether.— The Ether 
as a Framework of Reference for Motion.— The Relations between Ether and MoTing 
Matter.— Electric Conduction in Oases.— The Faraday-Maxwell Theory.— The Electron 
Theory.— Magnetism and the Dissipation of Energy.— Contract Electrification and 
Electrolysis.— Metallic Conduction.— Optical Phenomena.— The Mechanism of Radiation. 
—General Phenomena of Radio Activity.— Transmutations of Radio-Active Substances. 
—Ages of the Sun and Earth.— The Solar Carona, The Aurora, and Comets' Tails.— 
Radio-Activity in Stars and Nebulas.— Arrangement and Number of Atoms in a Mole- 
cule —Changes in the Aspect of Fundamental Mechanical Principals. — Gravitation 
and Cohesion.— The Place of Mind in the Universe.— Mathematical and other Appen- 
dices.— Index. 

LONDON: GHARLE8 GRIFFIN & CO.. LIMITED, EXETER STREET. STRAND. 
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In Large 8vo. Handsome Cloth. Profusely Illustrated. In Two 
Volumes, Each Complete in itself, and Sold Separately. 

THE DESIGN 

AND 

CONSTRUCTION OF SHIPS. 

By JOHN HARVARD BILES, M.Inst.N.A., 

Professor of Naval Architect are in Glasgow University. 

Volume I.-CALCULATIONS AND STRENGTH. With 36 Folding 
Plates, and 245 other Illustrations. Pp. i-viii + 423. Complete 
in itself, with Index. 25s. net. 

Cohtehts.— Part I.— Areas, Volumes, and Centres of Gravity. PART II.— Ship 
Calculations. Part III.— Strength of Ships. 
" No teacher of naval architecture nor scientifically -equipped student of the same 
subject can afford to be without it ... A work with up-to-date information which 
will doubtless remain the standard for many years."— rime*' Engineering Supplement. 

Volume II., dealing with Stability, Waves, Oscillations, Resistance and 
Propulsion, Design and Construction, is in active preparation, and 
will be ready very shortly. 



BY PROFESSOR BIL.B2S. 

LECTURES ON THE MARINE STEAM TURBINE. 

With 181 Illustrations. Price 6e. net. 
See page 10. 

toyal 890. Handsome dot*. With numerous fUustmHons and Table*. 25a, 

THE STABILITY OP SHIPS. 

By Sir EDWARD J. REED, K.C.B., F.R.S., M.P., 

KMOHT OV THB IMFERIAL ORDERS OF ST. STAJCILAUS OF KUSSIA ; FRANCIS JOSEPH Of 

AUSTRIA; MBDJ1D1E OF TURKEY; AND RISING SUN OF JAFAN; VICE* 

FRBSIDBNT OF THE I NS T I T U T IO N OF NAVAL AR CHI T EC T S . 

" Sir Edward Reed's ' Stability of Ships ' is invaluable. The Naval Arcbti-bct 
will find brought together and ready to his hand, a mass of information which he would other* 
wise have to seek in an almost endless variety of publications, and some of which he would 
possibly not be able to obtain at all elsewhere."' ~ 



AERONAUTICAL ENGINEERING. 

Second Edition, Revised. In Large 8vo. Cloth. With many 
Illustrations. 10s. 6d. net. 

THE PROBLEM OP PLIGHT. 

A TEXT-BOOK OF AERIAL ENGINEERING. 

By HERBERT CHATLEY, B. So. (Ehq. ), London, 
Professor of Civil Engineering. Tong Shan Engineering College, N. China, 
OoMTwrrs.— The Problem of Flight— The Helix.— The Aeroplane. — The Aviplane.— 
4>lrlgible Balloons.— Form and Fittings of the Airship.— Appehdioes {The Possibility of 
Flight, Weight, A FUxibts Wing, theory of Balance, Bibliography).— Ihdex. 
" An epitome of the knowledge available on the subject.' •— Scotsman. 

lUNDON: CHARLE8 GRIFFIN A CO.. LIMITED. EXETER STREET. 8TRAN0L 
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WORKS BY THOMAS WALTON, 

NAVAL ARCHITECT. 



Fourth Edition. Pp. i-xvi + 332. With 18 Plates and 237 other 
Illustrations, including 59 Folding Diagrams. 18s. net. 

STEEL SHIPS: 

THEIR CONSTRUCTION AND MAINTENANCE. 

A Manual for Shipbuilders, 8hip Superintendents, Students, 
and Marine Engineers. 

By THOMAS WALTON, Naval Architect, 

AUTHOR OF "KNOW YOUR OWN SHIP." 

Contents.— I. Manufacture of Cast Iron. Wrought Iron, and Steel.— Com- 
position of Iron and Steel, Quality, Strength, Tests, Ac. II. Classification of 
steel Ships. III. Considerations in making choice of Type of Vessel. — Framing 
of Ships. IV. Strains experienced by Ships. — Methods of Computing and 
Comparing Strengths of Ships. V. Construction of Ships. — Alternative Modes 
of Construction.— Types of Vessels.— Turret, Self Trimming, and Trunk 
Steamers. Ac. — Rivets and Rivetting, Workmanship. VI. Pumping Arrange- 
ments. VTI. Maintenance. — Prevention of Deterioration in the Hulls of 
Ships.— Cement, Paint, &c— Index. 

*■ So thorough and well written is every chapter in the book that it U difficult to a 



any of them as being worthy of exceptional praise. Altogether, the work is excellent, and 
will prove of great value to those for whom it la intended."— The Engineer. 

In Cloth. Pp. i.-xii. + 224. With 9 Plates and 163 other Illustrations, 
including 40 Folding Diagrams. 7s. 6d. net. 

PRESENT-DAY SHIPBUILDING. 

For Shipyard Students, Ships 9 Officers, and Engineers. 
By THOS. WALTON. 
General Contents.— Classification.— Materials used in Shipbuilding. — 
Alternative Modes of Construction. — Details of Construction. — Framing, 
Plating, Rivetting, Stem Frames, Twin-Screw Arrangements, Water 
Ballast Arrangements, Loading and Discharging Gear, Ac. — Types of 
Vessels, including Atlantic Liners, Cargo Steamers, Oil carrying Steamers, 
Turret and other Self Trimming Steamers, &c— Index. 

"Simple language . . . clear and easily followed illustrations." — Timer 
Engineering Supplement. 
" We heartily recommend it to all who have to do with ships."— Steamship. 



Eleventh Edition. In Crown 8vo. Cloth. Pp. i-xvi + 363. With 

142 Illustrations, including 2 Folding Diagrams. 7s. 6d. 
The Chapters on Tonnage and Freeboard have been brought thoroughly 
up to date, and embody the latest (1906) Board of Trade Regulations on 
these subjects. 

KNOW YOUR OWN SHIP, 

By THOMAS WALTON, Naval Architect. 
Special 7 y arranged to suit the requirements of Ships' Officers, Shipowners. 
Superintendents, Draughtsmen, Engineers, and Others, 
Contents. — Displacement and Deadweight. — Moments. — Buoyancy. — Strain. — 
Structure. — Stability. — Rolli ng. — Ballasting. — Loading.— Shifting Cargoes.— Effect of 
Admission of Water into Ship. —Trim Tonnage.— Freeboard (Load-line).— Calculations.— 
Set of Calculations from Acta al Drawings.— Index. 

" The work is of the highest value, and all who go down to the sea in ships should make them- 
selves acquainted with it. Shipping World (on the new edition). 

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 
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GRIFFIN'S NAUTICAL SERIES. 

Introductory Volume. Pp. i*xix + 248. Price 3$. 6a\ 
T HIE 

British Mercantile Marine. 

By EDWARD BLACKMORE, 

MASTER MARINER; ASSOCIATE OF THE INSTITUTION OF NAVAL ARCHITECTS; 

MEMBER OF THE INSTITUTION OF ENGINEERS AMD SHIPBUILDERS 

IN SCOTLAND; EDITOR OF GRIFFIN'S "NAUTICAL SERIES." 

General Contents.— Historical : From Early Times to 1486— Prepress 
«nder Henry VIII.— To Death of Mary— DtiriM Elizabeth's Reign— Up to 
the Reign of William III.— The 18th and 19th Centuries— Institution of 
Examinations — Rise and Progress of Steam Propulsion — Development of 
Free Trade-Shipping Legislation, 1862 to 1875— " Locksley Hall* Case- 
Shipmasters' Societies— Loading of Ship©— Shipping Legislation, 1884 to 1894— 
Statistics of Shipping. The Personnel : Shipowners— Officers— Marin e r s 
Duties and Present Position. Education : A Seaman's Education: what it 
•should be— Present Means of Education— Hints. Dibcepldo and Duty— 
Postscript— The Serious Decrease in the Number of British Seamen, a Matter 
demanding the Attention of the Nation. 

** Imsmssmra and Ibsisoctiyb . . . may be read with profit and bbjotmrrt."- 

MNf HtmldL, 

' Evert braboh of the subject la dealt with in a way which shows that the writer 
4 knows the ropes* familiarly. "—Scotsman. 

"This admirable book . . . rain with useful tafornuUion— Should be ia the 
hands of every Bailor. "—West era Morning Newt. 



Fifth Edition, Thoroughly Revised. Pp. i-xvi + 260. With 
Frontispiece, 2Jf. Plates (S Coloured), and 68 Illustrations 
in the Text and new Chapter on Clouds. Price 6s. 



ELEMENTARY SEAMANSHIP. 

BY 

4>. WILSON-BARKER, Master Mariner; F.R.S.E., F.R.G.S.,Aa, to. 

YOUNGER BROTHER Off THE TRDflTT HOUSE. 

General Contents.— The Building of a Ship; Parts of Hull, Masts. 
Ac— Ropes, Knots. Splicing, Ac. — Gear, Lead and Log, fto. — Rigging, 
Anchors — Saflmaking — The Sails, &c — Handling of Boats under Sail — 
Signals and Signalling— Rule of the Road— Keeping and Relieving Watch- 
Points of Etiquette— Glossary of Sea Terms and Phrases— Index. 

*** The volume oontatnt the mew bulbs of thb road. 

M This admirable mabual, by Oaft. Wilsov-Babksb of the * Worcester,' seems to at 
rssncTLY dbuobbd, and holds ite place excellently in 4 Gsiitnf's Nautical Aerxbc' . . . 
Although intended for those who are to become omoera of the M erohant Nary, it will be 
found aseful by all YACBnsBBV."— 4fAaunon. 

LONDON: GHARLE8 GRIFFIN ft CO., LIMITED, EXETER 8TREET, STRAND. 
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GRIFFIN'S NAUTICAL SERIES- 

Shoond Edition, Revised. Pp. i-xii + 166. With 61 
Illustrations. Price $s. 6cL 

NAVIGATION: 

crrxcKJL, AND THEORETIGAI4. 



By DAVID WILSON-BARKER, R.N.R., F.R.S.E., 4a, <ka,. 
WILLIAM ALLINOHAM, 

fIBSf-QLAM HOHOUM, HAVIGA.TI0W, BOIMBTOI AJTD ART DIPARTMBHT. 

TOttb numerous JUuatratkm* and Bsaminatfon OluctTtioitft. 

GtamAL CoirrmTJm—DetMtions— Latitude and Longitude— InrtnmMnta- 
of Navigation— Correction of Course*— Plane Sailing— Traverse Sailing— Day** 
Work — Parallel Sailing — Middle Latitude Sailing — Mercator's Chart- 
Meroator Sailing— Current Sailing— Position by Bearings— Great Circle Sailing: 
-The Tides— Questions— Appendix: Compass Error— Numerous Useful Hints. 
Ac. — Index. 

** PmscuBLT the kind of work required for the New Oerttlleatss of oompetenoy m grade* 
f rom Seeond Mate to extra Master. . . . Candidates will find it nt v i LPA i La . *'— Daasst 



"A OAHTAL UTTLB BOOK _ . 

Anthors are Oar. Wnsov-ButKU 
* Worcester,' who has bad great sxperienoe in the 
Mb, AixnraKAM, a well-known writer on the Science of 
—Shipping World. 



. specially adapted to the New Examinations. The 
(Csptam-8aperintendent of the Nautical College, H.M.B. 
ixperlenoe in the highest problems of Navigation), sad' 
r on the Sdenoe of Navigation and Naatioal Astronomy.** 



Handsome Cloth. Pp. i-xvi + 182. With 10 Plates and 34 other 
Illustrations. Price 7s. 6d. 

MARINE METEOROLOGY, 

FOR OFFICERS OF THE MERCHANT NAVY. 
By WILLIAM ALLINOHAM, 

Joint Author of "Navigation, Theoretical and Practical." 

With numerous Places, Maps, Diagrams, and Illustrations, and a faosimll* 
Reproduction of a Page from an actual Meteorological Log-Book. 

SUMMARY OF CONTENTS. 

Ikttoduotort.— Instruments Used at Sea for Meteorological 3 
logical Log-Books.— Atmospheric Pressure.—/' " 

winds.— wind Force Scales.— History of the L__ , , 

Storm Tracks.— Solution of the Cyclone Problem.— Ocean Currents.— Ioebergs.— Syn- 
chronous Charts.— Dew, Mists, Togs, and Base.— Clouds.— Rain, Snow, and Hall.— 
Mirage, Bainb ows, Co ronas, Halos, and Meteors.— Lightning, Corposants, and Auroras.— 
Quvnova— Appihdix. — uimul 

M Quits the bbst publication, abb certainly the most hibsbsymo, on this subject ever 
presented to Nautical mea."-8kfppfno Goes*. 

CONDON: GHARLE8 GRIFFIN & CO.. LIMITED. EXETER STREET. 8TRAN0 



; Sea for Meteorological Purposes.— Meteoro- 
».— Air Temperatures.— Sea Temperatures.— 
he Law of 8torms.— Hurricanes, S e as o ns , an* 
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GRIFFIN'S NAUTICAL SEBIES. 

Third Edition, Revised. Pp. i-xii + 175. With 54 Illustrations. 
Price 8a. 6d. 

PRACTICAL MECHANICS; 

Applied to the Requirements of the Sailor. 

By THOS. MACKENZIE, Master Mariner, F.B.A.S. 

OnnnuL Contents.— Resolution and Composition of Forces— Work done 
by Machines and living Agents— The Mechanical Powers: The Lever; 
Derrick* as Bent Levers- The Wheel and Axle: Windlass; Ship's Capstan; 
Grab Winch— Tackles : the "Old Man "—The Inclined Plane; the Screw— 
like Centre of Gravity of a Ship and Cargo — Relative Strength of Rope : 
Steel Wire, Manilla. Hemp, Coir— Derricks and Shears- Calculation of the 
(toss-breaking Strain of Fir Spar— Centre of Effort of Sails— Hydrostatics : 
tike Diving-bell ; Stability of Floating Bodies ; the Ship's Pomp, Ac. 

" Will worth the money . . . will be found exceedingly helpful."— 
Shipping World. 

" No Ships' Ofticerb' bookcase will henceforth be complete without 
Captain Mackenzie's ' Practical Mechanics. ' Notwithstanding my many 



years' experience at sea, it has told me how much more there it to acquire."— 
(Letter to the Publishers from a Master Mariner). 



WORKS BT RICHARD C. BUCK, 

of the Thames Nautical Training College, H.M.8. ' Worcester/ 

Third Edition, Revised and Corrected. Pp. i-viii + 113. 
With 38 Illustrations. Price 3s. 6d. 

A MANUAL OF TRIGONOMETRY: 

With Diagrams, Examples, and Exercises. 

* # # Mr. Buok'a Text-Book has been specially prepared with a view 
to the Examinations of the Board of Trade, in which Trigonometry 
It an obligatory subject. 

"This EMnranxT pbaotioal and bbliabl* tolum*."— acAocJmawfcr. 



Second Edition, Revised. Pp. i-viii+158. |Priee3s. 6d. 

A MANUAL OF ALGEBRA. 

Designed to meet the Requirements of Sailors and other*. 

V These elementary works on alqbbbi and tbisovokbrt are written specially for 
those who will have little opportunity of consulting a Teacher. They are hooks for " sbxi- 
mp." All bat the simplest explanations have, therefore, been avoided, and amiwbbs to 
the Bxeroisea are given. Any person may r ea dil y, by oarefnl stndy, become master of their 
—_*__. * -___ .__...- -. _^_^._ — ... *--imatiesJoi "* " " * 



contents, and thus lay the foundation for a farther mathematical coarse, if desired, it is 
hoped that to the younger Officers of oar Mercantile Marine they will he found decidedly 
serviceable. The Examples and Exercises are taken from the Examination Papers set for 
the Cadets of the " Worcester." 

* Clearly arranged, and well got op. . . .A orst-rate Elementary Algebra."— 
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GRIFFINS NAUTICAL SERIES. 

Second Edition, Revised. With Diagram*. Price 2a. 

LATITUDE ADD LONGITUDE: How to Find them. 

By W. J. MILLAR, C.E., 

Late Secretary to the Inst, of Engineer* and Shipbuilder* in Scotland. 

' Concisely and clearly written . . . cannot but prove an acquisition 
to those stacking Navigation."— Af arine Engineer, 

" Young Seamen will find it handy and useful, simple and ot*ab. m — The 
Engineer. 



Second Edition, Revised. In Crown 8vo. Pp. i-xvii+230. Price 4s. 6d. 

THE LEGAL DUTIES OF SHIPMASTERS. 

Br BENEDICT WM. GINSBURO, M.A., LL.D. (Oantar), 

Of the Inner Temple and Northern Circuit; Barrlater-at-Law. 
General Contents.— Qualification for Position of Shipmaster.— Contract with Ship- 
owner.— Duty In respect of the Crew: Engagement; Apprentices; Discipline; Pro- 
visions, Accommodation, and Medical Comforts ; Payment of Wages and Discharge.— 
Passengers.— Financial Responsibilities.— Cargo.— Casualty.— Duty to certain Public 
Authorities.— Pilots, Signals, Flags, and Light Dues.— Arrival at the Port of Discharge. 
—Appendices on Legal Matters : B.O.T. Certificates, Dietary Scales, Stowage of Grain 
Cargoes, Load Line Regulations, Life-saving Appliances, Carriage of Cattle.— Index. 

11 No Intelligent Master should fail to add this to his list of nec es sary books. A few lines 
•ef It may sav« a lawyer's fsr, besides endless worry."— Liverpool Journal of Commerce. 



FIRST AID AT SEA. 



Third Edition, Revised. Pp. i-xviii + 349. With 82 Illustrations and 
the atest Regulations on the Carriage of Medical Stores. 6s. 

A MEDICAL AND SURGICAL HELP 

For Shipmasters and Officers in the Merchant Navy. 
By WM. JOHNSON SMITH, F.R.O.S., 

Principal Medical Officer, Seamen's Hospital, Greenwich. 

V The attention of all interested in our Merchant Navy is requested to this exceedingly 
.useful and valuable work. It is needless to say that it is the outcome of many years 
practical RxmamcR amongst Seamen. 

" Sovan, judicious, rsally helotul."— The Lancet. 



Eleventh Edition, Revised and Enlarged. Price 7s. 6d. 

KNOW YOUR OWN SHIP. 

By THOMAS WALTON, Naval Architect. 

Specially arranged to suit the requirements of 8 hips' Officers, Shipowners, 

Superintendents, Draughtsmen, Engineers, and Others. 

For Contents and further particulars of this work, and other works 

by the same author, see p. 32. 

LONDON : CHARLES GRIFFIN * CO., LIMITED. EXETER STREET. 8TRM& 
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OTHER WORKS OF INTEREST TO SAILORS. 
In Pocket Size. With 368 Pages. 3s. 6d. net. 

ENGLISH-SPANISH AND SPANISH-ENGLISH 
SEA TERMS AND PHRASES. 

By Fleet-Paymaster GRAHAM-HEWLETT. 

" Most complete . . . use Ail . . we can heartily recommend it."— Steamship. 



In Crown 8vo. Handsome Cloth. Many Diagrams. 2s. 6d. net. 

DEFINITIONS IN NAVIGATION & NAUTICAL 
ASTRONOMY. 

By P GROVES-SHOWELL, 

Head of the Navigation Department, L.C.C. School, Poplar. 

Contents.— Definitions.— General.— Navigation.— Nautical Astronomy.— 
Time. — Miscellaneous. — Notes. Measurements. — Mariner's Compass. — 
Chronometer. — Azimuth Compass. — Pelorns. — Sextant. — Vernier. — Arti- 
ficial Horizon.— Sounding Machine.— Log.— Station Pointer.— Barometer.— 
Thermometer.— Hygrometer.— Hydrometer. Miscellaneous.— Star Nomen- 
clature.— Greek Alphabet.— Planetary Symbols.— Weights and Measures.— 
Areas.— Volumes.— Useful Notes.— Index. 

"Mr. Groves-Showell writes with a full knowledge of his subject, and with admirable 
clearness,"— Shipbuilder. 



Attention is also drawn to the following:— 
HYDROGRAPHIC SURVEYING. By Commander S. 

Messum, R.N. [See page 16. 

THEODOLITE SURVEYING. By Professor James Park. 

[See page 41. 

THE FORCE OF THE WIND. By Herbert Chatley, B.Sc. 

[See page 23. 

THE EARTH'S ATMOSPHERE. By Dr. T. L. Phipson. 

[See page 46. 

WIRELESS TELEGRAPHY. By Gustave Eichhorn, Ph.D. 

[See page 29. 
lONDON : CHARLE8 GRIFFIN A CO., LIMITED. EXETER 8TREET. 8TRANB. 
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WORKS BIT 
SIR CLEMENT LE NEVE FOSTER, D.Sc, F.R.S. 

Sixth Edition. With Frontispiece and 712 Illustrations. Price 28s. net. 

ORE & STONE MINING. 

By Sir C. LE NEVE FOSTER, D.Sc, F.R.S., 

LATE FROraSSOft OF MINING, ROYAL COLLHGH OP SCIBNCB. 

Revised, and brought up-to-date 
By Prof. S. H. COX, Assoc.R.S.M., 

PROFESSOR OF MINING, ROYAL COLLEGE OF SCIENCE. 

GENERAL CONTENTS. 

INTRODUCTION. Mode of Occurrence or Minerals.— Prospecting. -Boring. 
— Breaking Ground.— Supporting Excavations.— Exploitation.— Haulage or 
Transport.— Hoisting or winding. — Drainage. — Ventilation. — Lighting. - 
Deseent and Ascent.— Dressing— Principles oiRmployment of Mining Labour. 
—Legislation affecting Mines and Quarries. — Condition of the Mlner.- 
Aeelaents.— Index 

"We hare seldom had the pleasure to review a work so thorough and comp lete a* 
the present one. Both in manner and in matter it is far superior to anything on 

ITS SnOIAL 8UBJB0T HITHERTO PUBLISHED IN ENGLAND."— AthenCfUm. 

" Not only is this work the acknowledged text-book on metal mining in Great Britain 
and the Colonies, but that it is so regarded in the United States of America is evidenced 
by the fact that it is the book on that subject recommended to the students in most of 
the mining schools of that country."— The Timet. 



Second Edition, Revised. In Crown 8vo. Handsome Cloth. 
With nearly 300 Illustrations. Price 7s. 6cL net. 

THE ELEMENTS OF MINING AND QUARRYING. 

An Introductory Text-Book for Mining 8tu dents. 
By Sir C. LE NEVE FOSTER, D.Sc, F.R.S., 

Late Professor of Mining at the Royal College of Science. 
Revised by Prof. S. H. Cox, A.R.S.M., Ac. 

General Contents. — Introduction. — Occurrence of Minerals. — Pro- 
specting. — Boring. — Breaking Ground.— Supporting Excavations. — Exploita- 
tion.— Haulage or Transport.-— Hoisting or Winding.— Drainage.— Ventilation. 
—Lighting.— Descent and Ascent— Dressing, &a— Index. 

" A remarkably clear survey of the whole field of mining operations."— Engineer. 

" Rarely does it fall to the lot of a reviewer to have to accord such unqualified praise *•> 
this book deserves. . . . The profession generally have every reason to be grateful to 
8ir C. Le Neve Foster for having enriched educational literature with so admirable an- 
elementary Text-book."— Mining Journal. 



In Large Crown 8vo. Fully Illustrated. 6s. net. 

THE INVESTIGATION OF MINE AIR: 

An Account by 8everal Authors of the Nature, Significance, and Practical 

Methods of Measurement of the impurities met with in the 

Air of Collieries and Metalliferous Mines. 

edited by 

Sir CLEMENT LE NEVE FOSTER, D.Sc, F.R.S., 

And J. S. HALDANE, M.D., F.R.S. 

We know of nothing essential that has been omitted. The book is liberally supplied! 
with illustrations of apparatus."— C«liiery Guardian. 

LONDON : CHARLES GRIFFIN 4 CO.. LIMITED. EXETER STREET, STRAND- 
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WORKS ON COAL-MINING- 

Fifth Edition, Revised and Greatly Enlarged. With 4 Hates and 
690 Illustrations. Price 24s. net 

A TEXT-BOOK OF COAL-MINING: 

FOR THE U8E OF COLLIERY MAN AGE R8 AMD OTHER8 
ENGAGED IN COAL-MINING. 

By HERBERT WILLIAM HUGHES, F.G.S., 

Amoc. Royal School of Mines, General Manager of Sandwell Park Colliery. 
General Contents.— Geology.— Search for Coal.— Breaking Ground.— 
Sinking. — Preliminary Operations. — Methods of Working. — Haulage. — 
Winding. —Pumping.— Ventilation. — Lighting.— Works at Surface. —Pre- 
paration of Coal for Market.— Index. 

"Quite thb BB8T book of its kind ... as practical in aim as a book can be . . . The 
illustrations are xxcillmt."— Athenaum, 
"We cordially recommend the work."— Oolltery Ouardkm. 
" Will soon come to be regarded as the stahdard work of its kind "-Birmingham Daily GcsttU. 



Fourth Edition, Thoroughly Revised and Greatly Enlarged. Re-set 
throughout. Large Crown 8vo. Handsome Cloth. 12s. 6d. 

PRACTICAL COAL-MININGs 

A MANUAL FOR MANAGERS, UNDJ,R-MANAGER8 f 
COLLIERY ENGINEERS, AND OTHERS. 

With Worked-out Problems on Haulage, Pumping, Ventilation, dec. 

By GEORGE L. KERR, M.E., M.Inst.M.E. 

Contents.— The Sources and Nature of Coal— The Search for Coal.— 
■Sinking. — Explosives. —Mechanical Wedges. — Rock Drills and Coal-cutting 
Machines.— Coal-cutting by Machinery.— Transmission of Power.— Modes of 
Working. — Timbers.— Roadways. —Winding CoaL — Haulage.- Pumping. — 
Ventilation. — Safety Lamps.— Surface Arrangements, Surveying, Levelling, 
£c 

"An BsoimALLT practical work, and can be confidently recommended. No department 
of Goal-Mining has been overlooked."— Bnginurt Oamttu. 



Second Edition, Revised. In Crown 8vo. Handsome Cloth. 
With 200 Illustrations. 3s. 6d. 

ELEMENTARY COAL-MINING: 

FOR THE USE OF STUDENTS, MINERS, AND OTHERS 
PREPARING FOR EXAMINATIONS. 

By GEORGE L. KERR, M.E., MJnst.M-E. 

Contents.— Sources and Nature of CoaL— Exploration and Boring for 
-Coal.— Breaking Ground.— Explosives, Blasting, sc— Sinking and Fitting 
of Shafts. — Modes of Working. — Timbering Roadways.— Winding and 
Drawing.— Haulage.— Pumping and Drainage.— Ventilation.— Cleaning and 
Sorting CoaL— Surveying, «c. 

" An abundance of Information conveyed in a popular and attractive form. . . . Will be 
-of great use to all who are in any way interested in coal mining."— ScottUh Critic 

LONDON: CHARLES GRIFFIN A CO.. LIMITED. EXETER STREET. STRAW 
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Fourteenth Edition, Revised. With Numerous Diagrams. 
Cloth, 7s. 6d. 

A TREATISE ON MINE-SURVEYING: 

For the use of Managers of Mines and Collieries, 8tudents 
at the Royal 8ohool of Mines, do. 

By BENNETT H. B ROUGH. Assoc.R.S.M., F.G.S. 

Rf.viskd by L. H. COOKE, 
Instructor of Mine-Surveying, Royal School of Mines. 

Contents. — General Explanations. — Measurement of Distances. — Miners 
Dial.— Variation of the Magnetic Needle. — Surveying with the Magnetic Needle 
in the Presence of Iron. — Surveying with the Fixed Needle.— The German Dial— 
The Theodolite.— Traversing Underground.— Surface Surveys with the Theodo- 
lite—Plotting the Survey. — Calculation of Areas. —Levelling. — Connection of the 
Underground and Surface Surveys.— Measuring Distances by Telescope. — Setting- 
out.— Mine-Surveying Problems. — Mine Plans. — Application of the Magnetic- 
Needle in Mining.— Photographic Surveys.— Appendices —Index. 

" Its CLEARNESS of STYLE, LUCIDITY of DESCRIPTION, and FULNESS of DETAIL hare 1 
for it a place unique in the literature of this branch of mis ' 
maintains the high standard of its predecessors. To the s _ _ _ 

value is inestimable. The illustrations are excellent."— Th* Mimnr Journal. 



>TION, and FULNESS of DETAIL hare long ago won 
F mining engineering, and the present edition folly 
the student, and to the mining engineer alike, ITS 



In Crown 8vo. Handsome Cloth. Fully Illustrated. 6s. net. 
A HANDBOOK ON 

THEODOLITE SURVEYING AND LEVELLING. 

For the use of Students in Land and Mine Surveying. 
By Professor JAMES PARE, F.G.S. 

Contents.— The Scope and Object of Surveying. — Land Surveying. — 
The Theodolite. — Chains and Steel Bands.— Obstacles to Ailignment.— 
Meridian and Bearings.— The Theodolite Traverse. — Co-ordinates of a. 
Station. — Calculation of Omitted or Connecting Line in a Traverse. — 
Calculation of Areas. — Subdivision of Land. — Triangnlation. — Determina- 
tion of True Meridian, Latitude and Time.— Levelling. — Railway Curves. 
— Mine Surveying.— Surveying Boreholes. — Index. 

"A book which should prove as useful to the professional surveyor as to the- 
stuient."— Nature. 

Second Edition, Revised. Crown 8vo. Handsome Cloth. Illustrated. 6s. 

MINING GEOLOGY. 

A TEXT-BOOK FOR MINING STUDENTS AND MINERS. 

By PROF. JAMES PARK, F.G.S., M.Inst.M.M., 
Professor of Mining and Director of the Otago University School of Mines ; late Director 
Thames School of Mines, and Geological Surveyor and Mining Geologist to the 
Government or New Zealand 
General Contents.— Introduction. - Classification of Mineral Deposits.— Ore Veins, 
their Filling, Age, and Structure.— The Dynamics of Lodes and Beds. -Ore Deposits- 
Genetically Considered— Ores and Minerals Considered Economically.— Mine Sampling 
and Ore Valuation.- The Examination and Valuation of Mines.— Index. 

"A work which should find a place in the library of every mining engineer."— 
Mining World. 

LONDON: CHARLES GRIFFIN A CO., LIMITED, EXETER STREET, STRAND. 
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Third Edition. In Crown Svo. Handsome Cloth. With 30 New 
Illustrations. 7s. 6d. net. 

ELECTRICAL PRACTICE IN COLLIERIES. 

By Prof. D. BURNS, M.E., M.Inst.M.E., 

Profesur of Mining and Geology to the Glasgow and West of Scotland Technical College. 

Units of Measurement, Conductor* &c.— The Theory of the Dynamo.— The 
Dynamo, Details of Construction and Working.— Motors.— lighting Installa- 
tions in Collieries. — Pumping by Electricity. —Electrical Haulage. — Coal 
Cutting. — Miscellaneous Applications of Electricity in Mines. — Coal Mines 
Regulation Act (Electricity).— Index. 

"A clear and concise introduction to electrical practice in collieries."— Mining 
Journal. _ 

In Crown 8vo, Handsome Cloth. 8s. 6d. net, 

MINING LAW OF THE BRITISH EMPIRE. 

Bt CHARLES J. ALFORD, F.G.S., MJnstMM. 

Contents.— The Principles of Mining Law.— The Mining Law of Great 
Britain.— British India. — Ceylon.— Burma. — The Malay Peninsula. — British 
North Borneo.— Egypt.— Cyprus.-— The Dominion of Canada.— British 
•Guiana.— The Gold Coast Colony and Ashanti. — Cape of Good Hope. — 
Natal. — Orange River Colony. — Transvaal Colony. — Rhodesia. — The 
-Commonwealth of Australia. — New Zealand, &a — Index. 

" Cannot fail to be useful ... we cordially recommend the book.*— Mining World. 



Fifth Impression. In Large Svo, Price 10s. 6rf. 

MINE ACCOUNTS AND MINING BOOK-KEEPING. 

For Students, Managers, Secretaries, and others. 

With Examples taken from Actual Practice of Leading Companies 

By JAMES GUNSON LAWN, A.R.S.M., A.M.Inst.C.E., F.G.S., 

Head of the Mining Department, Camborne School of Mines. 

Edited bt Sib C. LE NEVE FOSTER, D.So., F.R.S. 
"It teems iicfossisui to ragicest bow Mr. Laws's book could be made more oonrun or 
oxim) valuable, careful, and exhaustive,*— Accountants' Magtuim. 



Third Edition. In Pocket Size, Strongly Bound in Leather, 3a. 6d. 
Provided with Detachable Blank Pages for MS. 

THE MINING ENGINEERS' REPORT BOOK 

AND DIRECTORS' AND SHAREHOLDERS' GUIDE TO MINING REPORTS. 

Br EDWIN R. FIELD, M.Inst. M.M. 
With Notes on the Valuation of Property, and Tabulating Reports, 

Useful Tables, and Examples of Calculations, dc. 
"An aDMTEABLY compiled book which Mining Engineers and Managers will And 
mXTBMMMLT'USKrxTL."— Mining Journal 



In Crown Svo. Handsome Cloth. Illustrated. 10s. 6d. net 
A DICTIONARY OF 

SPANISH-ENGLISH AND SPANISH-AMERICAN MINING, 

METALLURGICAL, AND ALLIED TERMS. 

To which some Portuguese and Portuguese- American (Brazilian) Terms are added. 

By EDWARD HALSE, A.R.S.M., 

Mem. Inst. Ming, and Metall., of the Bug. Inst, of Ming, and Metall. Bngn., sic.. Ac. 

" Will be found of the greatest service to the mining profession."— Mining Journal. 

LONDON: CHARLE8 GRIFFIN A CO., LIMITED. EXETEB STREET, 8TRAND. 
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"works on snrgnra, bz plosivbs, &e. 

In Medium 8vo, Handsome Cloth. With 18 Figures in the Text, 
and 19 Folding Plates. 10s. 6d. net. 

SHAFT-SINKING IN DIFFICULT GASES. 

By J. RIEMER, 
Translated by J. W. BROUGH, A.M.Inst.C.E. 
Contents.— Shaft Sinking by Hand.— Shaft Sinking by Boring.— The 
Freezing Method.— The Sinking Drum Process.— Bibliography.— Index, 
"The translator deserves the thanks of the mining community for placing this 
-valuable work before them. . . . The work is one which every mining engineer 
should include in his library."— Mining World. 



Second Edition, Revised. In Large 8vo, with Numerous Illustrations 
and Folding Plates. 10s. 6d. 

BLASTING : AND THE USE OF EXPLOSIVES. 

By OSOAR GTJTTMANN, M.Inst.O.E., F.I.C., F.C.S. 

Contents. — Historical Sketch. — Blasting Materials. — Qualities and 
Handling of Explosives. — The Choice of Blasting Materials.— Preparation 
of Blasts.— Chamber Mines. — Charging of Boreholes. — Determination of 
•Charge. — Blasting in Boreholes. —Firing. — Results of Working. — Various 
Blasting Operations. — Index. 

" Should nove a vad*-m*cum to Mining Engineers and all engaged in practical work." 
—Iron and Coal Trades Rtvitm. 



In Medium 8vo, Cloth. With many Illustrations in the Text. 
Four Full Page Plates and Four Folding Tables. 6s. net. 

NEW METHODS OF 

TESTING EXPLOSIVES. 

By 0. E. BICHEL. 

Translated and Edited by ALEX. LARSEN, M.Inst.C.E. 

Contents. — Introductory. — Historical. — Testing Stations. — Power 

Gauges. — Products of Combustion. — Rate of Detonation. — Length and 

Duration of Flame. — After- Flame Ratio. — Transmission of Explosion.— 

♦Conclusions. — Efficiency. 

"Its pages bristle with suggestions and actual experimental results to an extent 
-seldom found in a Tolume of five times its %\x&"—Arms and Explosive*. 



In Crown 8vo. Handsome Cloth. Fully Illustrated. 
A MANUAL ON 

ELECTRICAL SIGNALLING IN MINES. 

By GERALD J. HOOGHWINKEL, M.Inst.E.E., M.I.Min.E. 



Signals— <<*) Acoustic Signals.— (6) 

Electro-Mechanical Signals.— (e) Optical Acoustic Signals.— Signals for Winding Minerals. 
—For Winding Men.— Signalling from the Gage.— Emergency Signals.— Bells.— Mine 
Telegraphs,— Mine Telephones. 8BOTIOH IIL— Special Applications in Mines. 

CONDON: CHARLE8 6RIFFIN ft CO.. LIMITED. EXETER 8TREET. 8TRANI ~ 
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Second Edition, Revised Throughout. In Medium Svo. With 
Numerous Plates, Maps, and Illustrations. 21«. neL 

CYANIDING GOLD & SILVER ORES. 

A Practical Treatise on the Cyanide Process; its Application.. 
Methods of Working, Design and Construction of 
Plant, and Costs. 

By H. FORBES JULIAN, 

Mining and Metallurgical Engineer ; Specialist in Gold : Lata Technical Adriser of the 
Deutsche Gold und 8ilber Scheide Anstalt, Frankfort-on-Maine. 

And EDGAR SMART, A.M.I.O.E., 

Civil and Metallurgical Engineer. 

" A handsome volume of 400 pages which will be a valuable book of reference for all 
associated with the process."— Mining Journal. 

"The authors are to be congratulated upon the production of what should prove to be 
a standard work.*'— Page's Magazine. 



In Large Grown Svo. With 13 Plates and many Illustrations in the Text. 
Handsome Cloth. Is. Qd. net. 

THE CYANIDE PROCESS OF GOLD EXTRACTION. 

A Text-Book for the Use of Metallurgists and 8tudents at 
8ohoole of Mines, do. 

By JAMES PARK, F.G.S., M.Ikst.M.M m 

Professor of Mining and Director of the Otago University School of Mines ; late Director 

Thames School of Mines, and Geological Surveyor and Mining Geologist 

to the Government of New Zealand. 

Fourth English Edition. Thoroughly Revised and Greatly Enlarged. 
With additional details concerning the Siemens-Halske and other 
recent processes. 
" Deserves to be ranked as amongst the best or waanwo TRlAnsEfl.' '—Mining Journal. 



Third Edition, Revised. With Plates and Illustrations. Cloth, 3*. M. 

GETTING GOLDs 

A GOLD-MINING HANDBOOK FOR PRACTICAL. MEN. 

By J. 0. F. JOHNSON, F.G.S., A.I.M.E., 

Life Member Australasian Mine-Managers' Association. 

General Contents.— Introductory : Prospecting (Alluvial and General)— 

Lode or Reef Prospecting— Genesiologr of Gold— Auriferous Lodes— Drifts— 

Gold Extraction — Lmviation — Calcination — Motor Power and its Transmission 

Company Formation — Mining Appliances and Methods — Australasian 

Mining Regulations. 

" Practical from beginning to end . . . deals thoroughly with the Prospecting, 
Sinking, Crushing, and Extraction of gold."— Brit. Australasian. 



In Crown Svo. Illustrated. Fancy Cloth Boards. As. 6tt 

GOLD SEEKING IN SOUTH AFRIGA: 

A Handbook of Hints for intending Explorers, Prospectors. 

and Settlers. 

By THEO KASSNER, 

Mine Manager, Author or the Geological Sketch Map of the De Kaap Gold Field*, 

With a Chapter on the Agricultural Prospects of 8outh Africa. 

" As faaotnatlng as anything ever penned by Jnles Verne."— African Oommeree. 
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GRirrnrs "new land* sebies. 

Practical Hand-Books for the Use of Prospectors, Explorers, 
Settlers, Colonists, and all Interested in the opening 

up and Development of New Lands. 

Edited by GRENVILLE A. J. COLE, M.R.I.A., F.G.&, 

Professor of Geology in the Royal College of Science for Ireland, and Examiner in 

the University of London. 



In Qrown Svo. Handsome Cloth. 5s. 
With Numetow Maps Specially Dravm and Executed for this Work. 

NEW LANDS: 

THEIR RESOURCES AND PEOSPBCTIVB 
ADVANTAGES. 

By HUGH ROBERT MILL, D.So., LL.D., F.R.S.E., 

U A want admirably supplied. . . . Has the advantage of being written by a pro- 
eased Geographer. "—Geographical Journal. 



With many Engravings and Photographs. Handsome Cloth, 4s. 6d. 

FOOD SUPPLY. 

By ROBERT BRUOE, 

Agricultural Superintendent to the Royal Dublin Booletr. 

With Appendix on Preserved Foods by C. A. Mitchell, B.A., F.LG. 

11 The work is one which will appeal to those intending to become farmers at home 
or in the Colonies, and who desire to obtain a general Mea of the true principles of 
farming in all its branches."— Journal of the Royal Colonial Inst. 



Fifth Edition. With Illustrations. Handsome Cloth, 6s. 

PROSPECTING FOR MINERALS. 

A Practical Handbook for Prospectors, Explorers, Settlers, and all 
Interested in the Opening up and Development of New Lands. 

By S. HERBERT COX, Assoc.R.S.M., M.Inst.M.M., F.G.S., 
Professor of Mining at the Royal School of Mines. 

General Contents.— Introduction and Hints on Geology— The Determina- 
tion of Minerals : Use of the Blow-pipe, Ac.— Rock-forming Minerals and Non- 
Metallic Minerals of Commercial Value : Rock Salt, Borax. Marbles, Litho- 
graphic Stone, Quartz and Opal, &c . &c. —Precious Stones ana Gems— Stratified 
Deposits: Coal and Ores— Mineral Veins and Lodes — irregular Deposits— 
Dynamics of Lodes : Faults, fcc.— Alluvial Deposits— Noble Metals : Gold, 
Platinum, Silver, Ac.— Lead — Mercury — Copper — Tin — Zinc— Iron — Nickel, 
4bc — Sulphur, Antimony, Arsenic, ftc. — Combustible Minerals— Petroleum- 
General Hints on Prospecting— Glossary— Index. 

"This ADMD1ABL1 LTTTL1 WORK . . . written with KUBHOTIO ACCURACY In a 

OLBAK and lucid style. ... An important addition to technical literature . . . 
—Mining JowrnaL 
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Demy 8vo, Handsome cloth, $4&. 

Stratigraphical Geology & Palaeootology, 

ON THE BASIS OF PHILLIPS. 
By ROBERT ETHERIDGE, F.R.S, 

Or THB NATURAL HIST. DBPARTMRMT, BRITISH MUSBUM, LATH PALEONTOLOGIST TO TBS 

CBOLOGICAL SURVKY OF GRBAT BRITAIN, PAST PRRSIDBNT OP THB 

CBOLOGICAL SOCUBTV, BTC 

TNUtb Aap, numerous Cable* ana txbietg»0ti* platen 

" No such com p endi u m of geological knowledge has ever been brought together before."— 
iVgstmmsUr RroUw. 

" If Piop. SrslbVs volume wu remarkable for its originality and the breadth of its views, 
air. Ethbbidgb fully justifies the assertion made in his preface that has book differs in con- 
struction and detail from any known manual . . . Must take man bank ajsoho works 
op RBFnBNCS."~4c«m«at»«. 



Sixth Edition, Thoroughly Revised. With Frontispiece and 
Illustrations. Cloth, ios. 6d. 

AIDS IN 

PRACTICAL GEOLOGY: 

WITH A SECTION ON PALMONTOLOGY. 

By PROFESSOR GRENVILLE COLE, M.R.I.A., F.G.S. 

GENERAL OONTBNTR- 
PART I.— Sampling of the Earth's Crust. 
PART II.— Examination of Minerals. 
PART III.— Examination of Rocks, 
PART IV.— Examination of Fossils. 

" Dsssrvimg op tkbhiohsst praise. Here indeed are 'Aids' innumerable and 
invaluable. All the directions are given with the utmost dear neat and precision."— 

"That* the work deserves its tide, that it is full of 'Aids/ and in the highest degree 
practical,' will be the verdict of all who use iL m —N*t*rt. 



OPEN-AIR STUDIES IN GEOLOGY: 
An Introduction to Geolosy Out-of-doors. 

By PROFESSOR GRENVILLE COLE, M.R.I.A., F.G.S. 

For details, see Griffin's Introductory Science Series, p. 71. 



In Crown %vo. Handsome Cloth. 2s. 6d. 
RESEARCHES ON THE PAST AND PRESENT HISTORY 

OF 

THE EARTH'S ATMOSPHERE. 

Inoluding the latest Discoveries and their Practical Applications. 

By DR. THOMAS LAMB PHIPSON. 

p AR T I. — The Earth's Atmosphere in Remote Geological Periods. 
Part II. — The Atmosphere of our present period. Appendices ; Index. 

" The book should prove of interest to general readers, as well as to meteorologists and 
Other students of science." — Nature. 
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and all interested in the development of 

the Metallurgical Industries. 

EDITED BT 

Sir W. ROBERTS-AUSTEN, K.CJB., D.C.L., F.R.S. 

In Large 8cw, Handsome Cloth. With Illustrations. 



INTBODTJOTION to the STUDY of METALLUBOY. 

By the Editor. Sixth Edition. (See p. 48.) 

GOLD (The Metallurgy of). By Thos. Kirks Rose, 
D.Sc, Assoc R.S.M., F.C.S., Chemist and Assayer of the Royal 
Mint. Fifth Edition. 21s. (Seep. 48.) 

LEAD (The Metallurgy of). By H. F. Collins, Assoc 
R.S.M., M.Inst.M.M. Second Edition. (See p. 49.) 

SILVER (The Metallurgy of). By H. F. Collins, A.R.S.M., 
M.InstM.M. Second Edition. (See p. 49.) 

IB OH (The Metallurgy of). By T. Turner, A.R.S.M., 
F.I.G, F.C.S. Third Edition, Revised. 16s. net. (See p. 50.) 

STEEL (The Metallurgy of). By F. W. Harbord, 
Assoc. R.S.M., F.I.C., with a Section on Mechanical Treatment by 
J. W. Hall, A.M.Inst.C.E. Third Edition. 25s. net. (See 
p. 50.) 

ALLOYS. By Edward F. Law, Assoc.R.S.M. With Frontis- 
piece in Colours, and Fine Series of Micro-photographs. 12s. 6d. net. 
(See p. 49). 

ANTIMONY. By C. Y. Wang, M.A., B.Sc. Fully Illustrated. 
12s. 6d. net. (See p. 50). 



Will be Published at Short Intervals. 

METALLURGICAL MACHINERY: the Application of 
Engineering to Metallurgical Problems. By Henry Charles J enkins, 
Wh.Sc., Assoc. R.S.M. 

COPPER (The Metallurgy of). By Thos. C. Cloud, Assoc. 
R.S.M. 

* # * Other Volumes in Preparation. 
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GRIFFIN'S METALLURGICAL SBBIBS. 



Sixth Edition, thoroughly Revised and considerably Enlarged. Large 

8vo, with numerous Illustrations and Micro-Photographic 

Plates of different varieties of Steel. 

An Introduction to the Study of 

BY 

Sir W. ROBERTS-AUSTEN, K.C.B., D.C.L., F.R.S., A.R.S.M.,. 

Late Chemist and Assayer of the Royal Mint, and Professor of Metallurgy 
in the Royal College of Science. 

Revised throughout by F. W. HARBORD, A.R.S.M., F.I.C. 

General Contents.— The Relation of Metallurgy to Chemistry. — Physical Properties- 
of Metals.— Alloys. The Thermal Treatment of Metals.— Fuel and Thermal Measurements. 
— Materials and Products of Metallurgical Processes. — Furnaces.— Means of Supplying Am 
to Furnaces.— Thermo- Chemistry.— Typical Metallurgical Processes.— The Micro-Structure 
of Metals and Alloys.— Economic Considerations. 

" No English text-book at all approaches this in the completeness with 
which the most modern views on the subject are dealt with. Professor Austen's- 
volume will be invaluable, not only to the student, but also to those whose 
knowledge of the art is far advanced." — Chemical News. 



Fifth Edition, Revised, Considerably Enlarged, and in part Re-written. 
With Frontispiece and numerous Illustrations. 21b. 

THE METALLURGY OF GOLD. 

BT 

T. KIRKE ROSE, D.ScLond., Assoc.R.S.M., 

Chemist and Assayer of the Royal Mint. 

General Contents.— The Properties of Gold and its Alloys.— Chemistry of the 
Compounds of Gold.— Mode of Occurrence and Distribution of Gold.— Shallow Placer 
Deposits.— Deep Placer Deposits.— Quartz Crushing in the Stamp Battery.— Amalgam- 
ation in the Stamp Battery.— Other Forms of Crushing and Amalgamating Machinery. 
—Concentration in Gold Mills.— Dry Crushing.— Re-grinding.— Boasting.— Chlorinatlon : 
The Plattner Process, The Barrel Process, The Vat-Solution Process.— The Cyanide 
Process.— Chemistry of the Cyanide Process.— Refining and Parting of Gold Bullion. 
— Assay of Gold Ores.— Assay of Gold Bullion.— Statistics of Gold Production.— Biblio- 
Taphy.— Index. 

" Aoompberessive practical tksatisb on this important subject."— Z7w Times. 

"The most complete description of the chlobivatioh pbogbss which has yet been pub- 
Uahed."- Jrtw<»? Journal. 

"Adapted for all who are interested in the Gold Mining Industry, being free from teoh- 
nlcalltiea as far as possible, bat is more particularly of value to those engaged in the 
Industry."— ftp* Tim*. 
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GrBICTIN'S MBTALLTJBQICAL 8XBIS8. 

Edited by SIR W. ROBERTS-AUSTEN, K.C.B., F.R.S., D.C.L. 
In Large 8vo. Handsome Cloth. With Illustrations. 



Second Edition, Revised Throughout and Enlarged. Illustrated. 

THE METALLURGY OF LEAD. 

By H. F. COLLINS, Assoc.R.S.M., M.Inbt.M.M. 

A Complete and Exhaustive Treatise on the Manufacture of Lead, 
rith Sections on Smelting and Desilverisatf — 

Assay and Analysis of the Materials involved. 



"A thoroughly sound and useful digest. May with nvkrt confidence be 
recommended."— Mining Journal. 



Second Edition , Revised Throughout and Enlarged. Illustrated. 

THE METALLURGY OF SILVER. 

By H. F. COLLINS, Assoc.RS.M., M.Inst.M.M. 

Comprising Details regarding the Sources and Treatment of Silver 
Ores, together with Descriptions of Plant, Machinery, and Processes of 
Manufacture, Refining of Bullion, Cost of Working, &c. 

"The author has foamed a lajlgi amount or valuable information into a 
convenient form. . . . The author has evidently considerable practical experience, 
and describes the various processes clearly and well/'— to ining Journal. 



Just Published. Frontispiece in Colours, and Beautiful Series of 
Photo-micrographs. 12s. 6d. net. 

ALLOTS 

AND THSIB INDUSTRIAL APPLICATIONS. 
By EDWARD F. LAW, AR.S.M. 

Contents. — Introduction.- Properties of Alloys. — Methods of Investigation.— 
Constitution.— Influence of Temperature on Properties.— Corrosion of Alloys.— Copper 
Alloys, Brass, Bronzes.— Special Brasses and Bronzes. —German Silver and Miscellaneous 
Copper Alloys.— White Metal Alloys.— Anti- Friction Alloys.— Aluminium Alloys.— 
Stiver and Gold Alloys.— Iron Alloys.— Miscellaneous Alloys (Amalgams, Ac).— Indix. 

"Concise and practical ... a valuable amount of information that will be 
appreciated by student and manufacturer alike."— Foundry Trade? Journal. 
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Third Edition, Revised. With Numerous Illustrations. Large 8vo» 
Handsome Cloth. 25s. net. 

With Additional Chapter on The Electric Smelting of Steel. 

THE METALLURGY OF STEEL 

By F. W. HARBORD, Assoc.R.S.M., F.I.C. 

With 37 Plates, 280 Illustrations in the Text, and nearly 100 Micro- 
Sections of Steel, and a Section on 
THE MECHANICAL TREATMENT OF STEEL. 

By J. W. HALL, A.M.Inst.C.E. 

Asbidcbd Contents.— The Plant, Machinery, Method* and Chemistry of the Bessemer 
end of the Open Hearth Processes (Acid and Basic).— The Mechanical Treatment of 8teel 
comprising Mill Practice, Plant and Machinery.— The Influence of Metalloids, Meat 
Treatment, Special Steele, Microetrnctnre, Testing, and Specifications. 

The Engineer says, at the conclusion of a review of this book :— " We cannot conclude without 
earnestly recommending all who may be interested as makers or users of steel; which practically 
means the whole of the engineering profession, to make themselves acquainted with it as speedily 
as possible, and this may be the more easily done as the published price, considering the sise 
ofthebor 1 - " ' ->—---.. 



» book, is extremely moderate." 



Third Edition, Revised and Enlarged. With many new Plates. 

16s. net. 

THE METALLURGY OF IRON. 

By THOMAS TURNER, Assoc.R.S.M., F.I.C., 

Frofeuor of Metallurgy in the University of Birmingham. 
Q m tr al Contort*.— Early History of Iron.— Modern History or Iron.— The Age of Steel. 
—Chief Iron Ores.— Preparation of Iron Ores.— The Blast Furnace. —The Air need in the 
Blast Furnace. — Reactions of the Blast Furnace. —The Gaseous Products of the Blast 
Furnace— The Fuel need in the Blast Furnace.- Slags and Fuzes of Iron Smelting.— 
Properties of Oast Iron. — Foundry Practice. — Wrought Iron. —Indirect Production of 
Wrought Iron.— The Puddling Process.— Further Treatment of Wrought Iron.— Corrosion 
of Iron and Steel. 

"A thoroughly uskful book, which brings the subject up to date. Of 
obrat talue to those engaged in the iron industry." — Mining Journal. 



h For Professor Turner's Lectures on Iron- Founding, see page 53. 



Just Published. In Large 8vo. Handsome Cloth. Fully Illustrated. 

12s. 6d. net. 

ANTIMONY: 

Its History, Chemistry, Mineralogy, Geology, Metallurgy, Uses and 

Preparation. Analysis, Production and Valuation. 

By C. Y. WANG, M.A., B.Sc, 

Mem. Am. Inst. Mining Eng. ; Mem. Iron and Steel Institute ; Mining Engineer to 

the Chung Lou General Mining Company; Geologist for the 

Hunan Province, China, Ac, Ac. 

" A book which stauds alone, inasmuch as there is not, to our knowledge, any other 

complete treatise on antimony among all the English text-books.'*— Iron and Coat 

Tra des' Revi ew. 
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Tenth Edition. With Tables and Illustrations. Cloth, lot. 6d. 

A TEXT-BOOK OF ASSAYING: 

For the use of Students, Mine Manager*, Aesayere, do. 
By J. J. BERINGER, F.I.C. F.C.S., 

Public Analyst for, and Lecturer to the Mining Association of, Cornwall. 

And C, BERINGER, F.C.S., 

Late Chief Assayer to the Rio Tinto Copper Company, London, 

General Contents. — Pact I. — Intkoductory ; Manipulation : Sampling; 
Drying ; Calculation of Results— laboratory-books and Reports. Methods : Dry Gran- 
metnc; Wet Gravimetric— Volumetric Assays: Titrometnc, Colorimetric, Gasometric— 
Weighing and Measuring— Reagents— Formulae Equations, &c.— Specific Gravity. 

Part II.— Metals : Detection and Assay of Silver, Gold, Platinum, Mercury, Copper, 
Lead, Thallium, Bismuth. Antimony, Iron, Nickel. Cobalt, Zinc, Cadmium, Tin, Tungsten, 
Titanium, Manganese, Chrnminm, fcc— Earths, Alkalies. 

Part III.— Non-Metals : Oxygen and Oxides ; The Halogens— Sulphur and Sul- 
phates—Arsenic, Phosphorus, Nitrogen— Silicon, Carbon. Boron— Useful Tablet. 

"A really meritorious work, that may be safely depended upon either for systematic^ 
instruction or for reference/*— Afar***. 



In Crown 8vo. Handsome Cloth. Fully Illustrated. 3s. net. 
AN INTRODUCTION TO 

PRACTICAL METALLURGY. 

By PROF. THOMAS TURNER, A.RS.M., F.I.O. 

"It is an excellent and handy book for its purpose, and will have a far wider rang© 
of usefulness than for class work alone."— Practical Engineer. 



Fourth Edition, Revised. With Aumerou* lUtutrcUions. 6: 
A TEXT-BOOK OF 

ELEMENTARY METALLURGY. 

Including the Author's Practical Labobatort Coubsb. 
Bt A. HUMBOLDT SEXTON, P.I.C., F.O.S. 

" Just the kind of work for Students commkncikg the study of Metallurgy, or for Ehoihbuiio 
Student*. "—Practical Engineer. 

Large 8vo. Cloth. With Illustrations. 12s. 6d. net. 

METALLURGICAL ANALYSIS & ASSAYING : 

A THREE YEARS' C0UR8E FOR 8TUDENT8 OF SCHOOLS OF MINE8. ' 

By W. A. MACLEOD, B.A., B.Sc, And CHAS. WALKER, F.C.S. 

"The publication of this volume tends to prove tbat the teaching of metallurgical 
analysis and assaying In Australia rests In competent hands."— Nature. 



Third Edition. With Folding Plates and Many Illustrations. 36s. 

ELEMENTS OF METALLURGY. 

A Practical Treatise on the Art of Extracting Metals from their Ores. 

By J. ARTHUR PHILLIPS, M.Inmt.C.E., F.G.S., Ac, And 

H. BAUERMAN, V.P.G.S. 
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In Crown 8vo. Handsome cloth. With 102 Illustrations. 6s. net. 
A HANDBOOK ON 

METALLIC ALLOYS: 

Their Structure and Constitution. 
By GILBERT H. GULLIVER, B.Sa, F.RS.E. 

11 A valuable addition to existing literature on alloys."— Foundry Trades' Journal, 



In Crown 8vo. Beautifully Illustrated with nearly 100 
Microphotographs ot Steel, Ac. 7s. 6d. net. 

Microscopic Analysis of Metals. 

By FLOEIS OSMOND & J. E. STEAD, F.R.&, F.LC. 

" There has been no work previously published in English calculated to be so useful to 
the student In raetallographtc research."— Iron and Steel Trades' Journal. 



In Large 8vo. Handsome Cloth. Price 4s. 

QUANTITATIVE METALLURGICAL ANALYSIS. 

TABLES FOR LABORATORY USE. 

ON THE PRINCIPLE OF "GROUP" SEPARATIONS. 

By J. JAMES MORGAN, F.O.S., M.S.C.I. 

11 The Author may be cokqbatulatkd on the way his work has been carried out"— 
The Engineer. 

Third Edition, Revised, Enlarged, and Re-written. 
A TREATISE ON 

ELECTRO -METALLURGY: 

Embracing the Application of Electrolysis to the Plating, Depositing, 
Smelting, and Refining of various Metals, and to the Repro- 
duction of Printing Surfaces and Art-Work, &o. 
By W. G. M'MILLAN, F.I.C., and W. R. COOPER. 

"Excellent, . . . one of the bust and most complbtk manuals hitherto published 
on Electro-Metallurgy."— Elect rical Review (on the Second Edition). 

8boond Edition, Thoroughly Revised and Enlarged, in large 8vo. 
With Numerous Illustrations and Three Folding- Plates. 21s. net 

ELECTRIC SIELTItfG- & REFHOTfr: 

A Practical Manual of the Extraction and Treatment 

of Metals by Electrical Methods. 

Being the " Euktro-Mstallubgu " of Db. W. BORCHBR8. 

Translated from the Latest German Edition by WALTER G. M'MILLAN, 

F.I.C.. F.cs. 
" CoxpmiHmrsm and authoritative ... not only full of valuable nriom- 
matioh, but gives evidence of a thorough insioht into the technical value and 
3 of all the method! dlsouated."— The Electrician. 
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In Medium Svo. Handsome Cloth. Fully Illustrated. 15s. net. 

GENERAL FOUNDRY PRACTICE: 

A Practical Handbook for Iron, 8teel and Brass Founders, 
Metallurgists, and Students of Metallurgy. 

By A. M u WILLIAM, A.R.S.M., and PERCY LONGMUIR. 

" The atudeut of foundry work . . . need* 110 other text-book. . . . The book 
contains a tremendous amount of information, and is well written."— Engineering Times. 



Second Edition. Extra Grown Svo. With many Illustrations. 
Zs. 6d. net. 

LECTURES ON IRON-FOUNDING. 

By THOMAS TURNER, M.Sc., A.R.S.M., F.I.C., 

Professor of Metallurgy in the University of Birmingham. 

Contents— Varieties of Iron and Steel.— Application of Cast Iron.— History.— Pro- 
duction.— Iron Ores.— Composition.— The Blast Furnace.— Materials.— Reactions.— 
Grading Pig Iron. — Carbon, Silicon, Sulphur, Phosphorus, Manganese, Aluminium, 
Arsenic, Copper, and Titanium.— The Foundry.— General Arrangement.— Re-melting 
Cast Iron. — The Cupola. — Fuel Used. — Changes due to Re-melting. —Moulds ana 
Moulding.— Foundry Ladles.— Pouring and Pouring Temperature.— Common Troubles.— 
Influence of Shape and Size on Strength of Castings.— Tests. 

" Ironfounders will And much information in the book."— Iron Trade Circular 
Ry land's). 



In Crown 8vo. Handsome Cloth, is. 6d. net. 

BLAST FURNACE PRACTICE. 

By J. JAMES MORGAN, F.C.S., M.S.C.I., 
Author of "Quantitative Metallurgical Tables," <fca 

Coktrnts.— Requirements.— Iron Ores.- Fuel. -Flux.- Slags.- Quantity ot Slag.— 
Burden, Charge, Round.— The Blast.— Ore Mixing.— Amount and Composition of the 
Iron.— Calculation of Flux.— Heating the Blast; Stoves— Drying, Changing, and 
Cleaning.— Drying the Furnace.— Filling the Furnace, and Lighting.— Charging the 
Furnace.— Descent of the Charge.— Flushing.— Tapping.— Hard Tapping Hole,— Running 
down the Beds (Casting).— Judging the Temperature.— Controlling the Temperature.— 
Temperature and the Reduction of Silicon.— The Pig Iron.— Fuel Consumption.— 
Economy in Fuel Consumption.— Tuyeres : Leaky, Changing.— Cooler or "Jumbo."— 
Obstructions.— Pillaring.— Breakouts.— Hot Spots.— Scaffolds (Hanging).— Slips.— Damp- 
ing Down.— Blowing Out— Indkx. 



Sboond Edition, Revised. In Laroe Crown 8vo. With Numerous 
Illustrations. 7h. 6<L net. 

THE ART OF THE GOLDSMITH AND JEWELLER. 

A Manual on the Manipulation of Gold and the 
Manufacture of Personal Ornaments. 

Br THOS. B. WIGLEY, 

Headmaster of the Jewellers and Silversmiths' Assoc. Teeh. School, Birmingham. 

Assisted by J. H. 8TANSBIE, B.Sc (Lond.), F.I.O., 

Lecturer at the Birmingham Municipal Technical School. 
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Sboond Edition, Revised, Enlarged, and Re-set Throughout on Larger Page. 

With Valuable Bibliography \ New Maps, Illustrations, dtc. 45*. net. 

XXV TWO VOLUMB8. 

A TREA TISE ON 

IPETIE^OLETTIM:. 

By SIR BOVERTON REDWOOD, 
D.Sc. F.K.S.K.. AmoixIkst.O.E. F.I.C. 
Contents.— Section I.: Hlatorical Account of the Petroleum Industry.— Section II.: 
Geological and Geographical Distribution of Petroleum and Natural Gas.— Section III.: 
The Chemical and Physical Properties of Petroleum and Natural Gas. -Section IV.: 
The Origin of Petroleum and Natural Gas.— Section V.: The Production of Petroleum, 
Natural Gas, and Ozokerite.— Section VI.: The Refining of Petroleum.— Section vn.: 
The Shale Oil and Allied Industries.— Section VIII.: The Transport, Storage, and Dis- 
tribution of Petroleum.— Section IX. : The Testing of Crude Petroleum, Petroleum and 
Shale Oil Products, Ozokerite, and Asphalt.— Section X. : The Uses of Petroleum and 
its Products.— Section XI. : Statutory, Municipal, and other Regulations relating to 
the Testing, Storage, Transport, and Use of Petroleum and its Products.— APPENDICES. 
—Bibliography.— Index. 

"It is Indisputably the most comprehensive and complete treatise on petroleum, and this 
statement Is true, no matter on what branch or the iodustry a test of its merits is made. It l» 
the only book In existence which gives the oil man a clnar and reliable outline of the growth and 
prese n t-day condition of the entire petroleum world. . . . There is a wonderfully complete 
collection of plates and illustrations. "-PetroUum World. 



Second Edition, Revised. With Illustrations. Price &*. 6d. net. 

A HANDBOOK ON PETROLEUM. 

FOR INSPECTORS UNDER THE PETROLEUM ACTS, 

And fop those engaged In the Storage, Transport, Distribution, and Industrial 

Use of Petroleum and its Products, ana of Calcium Carbide. With 

suggestions on the Construction and Use of Mineral Oil Lamps. 

By CAPTAIN J. H. THOMSON, 

Tl.M. Chief Inspector of Explosives, 

And SIR BOVERTON REDWOOD, 

Author or "A Treatise on Petroleum. " 
"A Tolume that will enrich the world's petroleum literature, and render a service to the 
British branch of the lndubtry. . . . Reliable, indispensable, a brilliant contribution."— 
PttroUum. 

In Crown 8vo. Fully Illustrated. 2s. 6d. net. 

THE LABORATORY BOOK OF MINERAL OIL TESTING. 

By J. A. HICKS, 

Chemist to Sir Boverton Redwood 

Should be on the shelves of every analytical chemist in practice."— Chemical Trade Journal. 

In Large Crown 8vo, Cloth. Fully Illustrated 5s. net. 

OIL FUEL: 

ITS SUPPLY, COMPOSITION, AND APPLICATION. 

By SIDNEY H. NORTH, 

LATM EDITOR QY THE "PETROLEUM REVIEW." 

Contests. —The Sources of Supply.— Economic Aspect of Liquid FueL— Chemical 
Composition of Fuel Oils— Conditions of Combustion in Oil Fuel Furnaoea.— Early 
Methods and Experiments.— Modern Burners and Methods.— Oil Fuel for Marine Pur- 
poses.— For Naval Purposes— On Locomotires.-For Metallurgical and other Purposes. 
—Appendices. -Index. 

" Everyone interested in this important question will welcome Mr. North's excellent 
text-book."— Nature. 

THE PETROLEUM LAMP: Its Choice and Use. A Guide 
to the Safe Employment of the Paraffin Lamp. By Capt. J. H. 
Thomson and Sir Boverton Redwood. Illustrated, is. net. 
" A work which will meet every purpose for which it has been written."- Petroleum. 

LONDON: CHARLES GRIFFIN A CO., LIMITED, EXETER STREET. STRAND 
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In* Two Vols., Large 8vo. With IUtutration*. Sold Separately. 

CHEMISTRY FOR ENGINEERS 
AND MANUFACTURERS. 

BY 

BERTRAM BLOUNT, F.I.C., *fc A. G. BLOXAM, F.I.O. 

VOLUME I.— Chemistry of Engineering, Building;, and Metallurgy.- General 
Contents. — Introduction.— Chemistry of the Chief Materials of Construction.— 
Sources of Energy.— Chemistry of Steam-raising.— Chemistry of Lubrication and 
Lubricants.— Metallurgical Processes used in the Winning and Manufacture of 
Metals. Price 10s. 6d. 

VOLUME II.— The Chemistry of Manufacturing Processes.— General Content*.— 
Sulphuric Acid Manufacture.— Alkali, 4c. — Destructive Distillation. — Artificial 
Manure.— Petroleum.— Lime and Cement— Clay and Glass.— Sugar and Starch.— 
Brewing and Distilling.— Oils, Resins, and Varnishes.— Soap and Candles.— Textiles 
and Bleaching.— Colouring Matters, Dyeing and Printing.— Paper and Pasteboard.— 
Pigments and Paints.— Leather, Olue, and Size.— Explosives and Matches.— Minor 
Manufactures. Third Edition, Thoroughly Revised. Illustrated. 



Second Edition. In Large 8vo. Handsome Cloth. With 800 pages 
and 154 Illustrations. 25s. net. 

OILS, FATS, BUTTERS, AND WAXES : 

THEIR PREPARATION AMD PROPERTIES, AMD MANUFACTURE THERE- 
FROM OF 0AMDLE8, 80APS, AMD OTHER PR0DUCT8. 

By C. R. ALDER WRIGHT, D.Sc., F.R.S., 

Late Lecturer on Chemi st r y. St. Mary's Hospital Medical School ; Examiner 
in "Soap" to the City and Guilds of London Institute. 

Thoroughly Revised, Enlarged, and in Part Rewritten 

By C. AINSWORTH MITCHELL, B.A., F.I.C., F.C.S. 

"Will be found absoldtsxy mourBNaAELs. '— The Analyst. 
"Will rank as the Stakdakd English Authority 00 Oils and Fats for many 
years to csanm."— Industries nmd Iron. 



In Two Volumes, Half Morocco, each complete in itself. 

PHYSICO-CHEMICAL TABLES 

For the Use of Analysts, Physicists, Chemical Manufacturers and 
Scientific Chemists. 

Volume I.— Chemical Engineering, Physical Chemistry. 24s. net. 
Volume II.— Chemical Physics, Pore and Analytical Chemistry. 

[Shortly. 

By JOHN CASTELL-EVANS, F.I.C., F.C.S., 

Lecturer on Inorganic Chemistry and Metallurgy at the Finsbury Technical College. 

The Work comprehends a* far as possible all bulks and tables required by the 
Analyst, Brewer, Distiller, Acid- and Alkali- Manufacturer, &c, &c ; and also the prin- 
cipal data in Thbrmo-Chbmistky, Elbctro-Chkmistny, and the various branches of 
Chemical Physics. Every possible care has been taken to ensure perfect accuracy, and 
to include the reault* of the most recent investigation*. 
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Sixth Edition, Thoroughly Revised. Fully Illustrated. 21s. 

FOODS : THEIR COMPOSITION AND ANALYSIS. 

By A. WYNTER BLYTH, M.R.C.S., F.I.O., F.O.S., 

Barrister-at-Law, Publle Analyst for the County or Devon, tad 
Medical Officer of Health for St. Marylebone. 

And M. WYNTER BLYTH, B.A., B.So., F.C.S. 

General Contents.— History of Adulteration.— Legislation.— Apparatus.— "Ash."— 
Sugar.— Confectionery.— Honey.— Treacle.— Jams and Preserved Fruits.— Starches.— 
Wheaten-Flour.— Bread.— Oats.— Barley. — Rye. — Rice. — Maize. — Millet— Potatoes.— 
Peas.— Lentils.— Beans —Milk.— Cream.— Butter.— Oleo-Margarine.— Cheese.— Lard.— 
Tea.— Coffee.— Cocoa and Chocolate. — Alcohol. — Brandy. —Rum. —Whisky.— Gin.— 
Arrack.— Liqueurs.— Absinthe.— Yeast. — Beer. — Wine. — Vinegar. — Lemon and Lime 
Juice.— Mustard.— Pepper.— Sweet and Bitter Almonds.— Annatto.— Oilve Oil.— Water 
Analysis.— Appendix : Adulteration Acts, Ac. 

" A new edition of Mr. Wynter Birth's Standard work, embiohbd with all thb aaossrr 
disootkbies akd IMPROVKMKMTS, will be accepted as a boon. M — Chemical Nem. 



Foubth Edition, Thoroughly Revised. In Large 8vo, Cloth, with 
Tables and Illustrations. 21s. net. 

POISONS : THEIR EFFECTS AND DETECTION. 

By A. WYNTER BLYTH, M.R.C.S., F.I.C., F.O.S., 

Barrister-at-Law, Public Analyst for the County of Devon, and 
Medical Officer or Health for St Maryfebone. 

General Contents.— I.— Historical Introduction. II.— Classification— Statistics— 
Connection between Toxic Action and Chemical Composition— Life Testa— General 
Method of Procedure— The Spectroscope— Examination of Blood and Blood Stains. 
III.— Poisonous Gases. IV.— Acids and Alkalies. V.— More or less Volatile Poisonous 
Substances. VI.— Alkaloids and Poisonous Vegetable Principles. VIL— Poisons derived 
from Living or Dead Animal Substances. VIII.— The Oxalic Acid Group. EL — 
Inorganic Poisons. Appendix : Treatment, by Antidotes or otherwise, of Cases of 
Poisoning. 

" Undoubtedly thb mow commits wobk on Toxicology in our ianm***."— Tt* jtaait*. 
" As a raAOTiOAL ooidb, we know so asma work."— The Lancet font** Third M t i iinn ) . 



Crown 8vo, Handsome Cloth. Fully Illustrated. ios. 6d. 

FLESH FOODS: 

With Methods for their Chemical, Microscopical, and Bacterio- 
logical Examination. 

A Practical Handbook for Medioal Men, Analysts, Inspectors and other*. 
Bv C. AINSWORTH MITCHELL, B.A., F.I.C., F.C.S. 

" A compilation which will be most useful for the class for whom it is Intended.-— Athem m v m . 
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Second Edition. With Numerous Tables, Fully Illustrated. 

DAIRY CHEMISTRY 

FOE DAIRY MANAGERS, CHEMISTS, AND ANALYSTS 

A Practical Handbook for Dairy Chemists and others 

having Control of Dairies. 

Bv H. DROOP RICHMOND, F.I.C., 

CHEMIST TO THB AYLESBURY DAIRY COMPANY. 

Contents.— I. Introductory.— The Constituents of Milk. II. The Analysis ol 
Milk. III. Normal Milk : its Adulterations and Alterations, and their Detection. 
IV The Chemical Control of the Dairy. V, Biological and Sanitary Matters. 
VI. Butter. VII. Other Milk Products. VIII. The Milk of Mammals other 
than the Cow.— Appendices.— Tables.— Index. 

". . . In our opinion the book is the best contribution cn the subject that 
has ybt appeared in the English language. "—Lancet (on the First Edition). 



Fully Illustrated. With Photographs of Various Breeds of Cattle, Ac. 

6s. net. 

MILK: ITS PRODUCTION & USES. 

With Chapters on Dairy Farming, The Diseases of Cattfe, and on the 
Hygiene and Control of Supplies. 

By EDWARD F. WILLOUGHBY, 

M.D. (Load.), D.P.H. (Lond. and Camb.). 

"We cordially recommend it to everyone who has anything at all to do with milk."— 
Dairy World. 

In Crown 8vo, Fully Illustrated. 2s. 6d. net. 

THE LABORATORY BOOK OF 

DAIRY ANALYSIS. 

By H. DROOP RICHMOND, F.I.C., 

Analyst to the Aylesbury Dairy Co., Ltd. 

" Without doubt the best contribution to the literature of its subject that has ever been 
written."— Medical Timet. 

In Large Crown 8vo. Cloth. Fully Illustrated. 4s. 6d. net. 

ELEMENTARY AGRICULTURAL CHEMISTRY. 

By HERBERT INGLE, B.Sc, F.T.C., F.C.8. 

Contents.— Introduction.— The Atmosphere.— The Soil.— Natural Waters.— The 
Plant.— Manures.— Crops.— The Animal.— Foods and Feeding.— The Dairy.— Miscel- 
laneous. —Index. 

At Press. In Crown 8vo. Handsome Cloth. Illustrated. 

SOIL BACTERIA. 

By JAME8 OLARK, M.A., D.Sc., A.R.O.S., 

Principal of the Academy, Kilmarnock. 



LONDON: CHARLE8 AR1FF1M * CO., LIMITED. EXETER 8TREET, STRAND. 
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Third Edition, in Handsome Cloth. Fully Illustrated. 21s. net 

PRINCIPLES AND PRACTICE OF BREWING. 

FOR THE USE OF 8TUDENT8 AND PRACTICAL MEN. 

By WAiTER J. SYKBS. 

Rbvisbd by ARTHUR R. LING, F.I.C., F.C.S., 

Editor of the Journal of the Institute of Brewing. 

Contents. — Physical Principles Involved. — The Chemistry of Brewing. — The 
Microscope. — Vegetable Biology. — Fermentation. — Water. — Barley and Malting.— 
Arrangement of Brewery Plant.— Quantities of Materials.— Fermentation.— Antiseptics. 
—Finings.— Characteristics of Beer.— Diseases of Beer.— Index. 

" A thorough and comprehensive text-book . . . up-to-date . . • a standard 
text«book."— Brewer* Journal. 



In Large 8vo. Complete in Two Volumes. 
Each Volume Complete in Itself, and Sold Separately. 

TECHNICAL MYCOLOGY: 

The Utilisation of Micro-organisms in the Arts and Manufactures. 
By Dr. FRANZ LAFAR, 

Prof, of FermenUtton-Physlology and Bacteriology in the Technical High School, Vienna. 
Translated by CHABLBS t. C. SALTER. 
VoL L-SOHIZOMYCETIC FERMENTATION. 
VoL II.-EJUMYCKTIC FERMENTATION. 

Note.— Part I. of Vol. II. was issued separately at 7s. 6d. Copies of Part II., 
Vol. II., have, therefore, been bound up to enable those possessing Part I. to complete 
their copies. 

"The first work of the kind which can lay claim to completeness in the trea tm ent of 
a fascinating subject. The plan is admirable, the classification simple, the style is good, 
and the tendency of the whole volume is to convey sure information to the reader."— 



Crown 8vo, Handsome Cloth. With Diagrams. 7s. 6d. net. 
[Companion Volume to "FERMENTS," by the same Author.] 

TOXINES AND ANTITOXINES. 

By OARL OPPENHEIMER, Ph.D., M.D., 

Of the Physiological Institute at Erlangen. 

Translated from the German by 

C. AINSWORTH MITCHELL, B.A., F.I.C., F.C.S. 

With Notes, and Additions by the Author, since the publication of the German Edition. 
" For wealth of detail j we have no small work on Toxines which equals the one 
under review "—Medical Times 



In Crown 8vo, Handsome Cloth. Price 7s. 6d. net. 

FERMENTS : AND THEIR ACTIONS. 

A Text-book on the Chemistry and Physics of Fermentative Changes. 

By CARL OPPENHEIMER, Ph.D., M.D. 
Translated by C. AINSWORTH MITCHELL, B.A., F.I.C., F.C.S. 

11 Such a veritable multum in parvo has never yet appeared."— Brewers' Journal. 

LONDON : CHARLES GRIFFIN & CO., LIMITED. EXETER STREET, 8TRAM0 
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In Crown 8*0. Handsome Cloth. Folly Illustrated, 6s. net. 

PEAT: Its Use and Manufacture. 

By PHILIP R. BJORLING And FREDERICK T. GISSING. 

Oimbbal Cohtshts.— Introduction.— The Formation of Peat— Area and Depth of Bogs la 
Principal Countries— Manufacture of Peat Fuel. Ac—Cut Peat, Dredged Peat, and Manufactured 
Peat— Machinery employed iu the Manufacture of Peat Fuel.— Peat Moat Litter, and the Machinery 
employed in lta Manufacture. -Peat Charcoal and its Manufacture —Cost of making Peat Fuel and 
Charcoal.— Other Productions derived from Peat, such as Tar, Manure. Candles, Dyes, Paper, Ac. 
— Bibliography.— Ixdbx. 
" The treatment throughout is clear and tutereating . . . excellent \>\nlt^'— Engineering. 

Companion Volume to the above. In Crown 8vo. Cloth. Fully Illustrated. 6s. net. 

COMMERCIAL PEATs 

Its Uses and It* Possibilities. 

By F. T. GISSING. 

"A useful and instructive epitome of the development of the industry."— Mechanical 
Engineer. 

Second Edition, Revised. Id Medium 8vo, Cloth. Illustrated. 
12s. 6d. net. 

PAPER TECHNOLOGY! 

AN ELEMENTARY MANUAL ON THE MANUFACTURE, PHYSICAL QUALITIES, 

AND CHEMICAL CONSTITUENTS OF PAPER AND OF 

PAPBRMAKING FIBRES. 

With Selected Tables fop Stationers, Publishers, and Others. 

By R. W. SINDALL, F.C.S. 

" Exceedingly instructive and particularly useful."— Paper Makers Monthly Journal. 



In Crown 8vo. Handsome Cloth. With 80 Illustrations. 6s. net. 

THE CLAYWORKER'S HANDBOOK. 

Ait Epitome of the Material* ana' Method* employed In Brickmaklng and Pottery. 
By the Author of "THE CHEMISTRY OF CLAYWORKING," 60. 

Gmmai Costmws.— Materials used 
Water, FueL ~" • - - - - 

Weathering,) 

Machinery, staves, 1_ 

—Setting or Charging, Transport- „_ . ... 

and Waste.— Tests, Analysis and Control.— Biblio .raphy.- Tables.- Ikdix. 

"We can thoroughly recommend this handy little book to all onr readers." -Brick and 
Pottery Trades' Journal 



r THE AUTHOR OF " THIS UUJSAUSJitX VF KJULX WUJUL1.NU, 60. 

at Costbhvb.— Materials used In Olayworking ; Clays, Enrobes, Glazes, Colours, 
eL Oik and Lubricants.— The Preparation or the Clay. Mining and Quarrying. 
5, Washing, Grinding. Tempering, and Pagrfng.— Machinery : Boilers, Engines, General 
, staves, Mixing Machinery, Presse*. Ac— Dryers and Drying.— Bngobing and Glazing, 
r Charging, Transport.— Kilns.— Firing.— Discharging, Sorting, and Packing.— Defects 



In Imperial 8vo. Strongly and Elegantly Bound. 
With over 1,0U0 Pages. 

CERAMIC LITERATURE, 

Compiled, Classified, and Described by M. L. SOLON, 
President of the English Ceramic Society. 

An Analytical Index to the Works Published in all Languages on the History and 
the Techuology of the Ceramic Art ; also to the Catalogues of Public Museums, Private 
Collections, and of Auction Sales in which the Description of Ceramic Objects occupy 
an important place ; and to the most important Price Lists of the Ancient and Modern 
Manufactories of Pottery and Porcelain. 

10MD0N: CHARLE8 GRIFFIN * CO., LIMITED. EXETER 8TREET, 8TRAU0 
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In Large 8ro. Cloth. With 147 Illustrations. 16s. net. 
A MANUAL OF 

THE PRINCIPLES OF SEWAGE TREATMENT. 

By Prof. DUNBAR, 

Director of the Institute of State Hygiene, Hamburg. 

English Edition by HARRY T. CALVERT, M.Sc., Ph.D., F.I.C., 
Chief Chemical Assistant, West Riding of Yorkshire Rivers Board. 

Contents.— Growth of River Pollution.— Legal Measures taken by Central and Local 
Authorities.— Rise and Development of Methods of Sewage Ireatment— Earlier Views 
on Methods of Treatment.— Characteristics of Sewage.— Objects of Purification Works. 
—-Methods for the Removal of Suspended Matters.— For the Removal of Putrescibility.— 
Disinfection.— Supervision and Inspection of Works.— Utility and Cost.— INDEX. 

" We heartily commend the book as a peculiarly fair and impnrtial statement of the 
present position of the sewage problem."— Lancet. 



Beautifully Illustrated, with Numerous Plates, Diagrams, and 
Figures in the Text. Bis. net. 

TRADES 9 WASTE: 

ITS TREATMENT AND UTILISATION. 
Handbook for Borough Engineers, Surveyors, Architects, and Analysts. 
By W. NAYLOR, F.O.S., A.M. Inst. C.E., 

Chief Inspector or Rivers, Kibble Joint Committee. 
41 There is probably no person in England to-iUv better tltie.l to deal rationally with 
each a subject"— British Sanitarian. 



In Handsome Cloth. With 59 Illustrations. 6s. net. 

SMOKE ABATEMENT. 

A Manual for the Use of Manufacturers, inspectors, Medical Officers of 
Health, Engineers, and others. 

By WILLIAM NICHOLSON, 

Chief Smoke Inspector to the Sheffield Corporation. 
" We welcome such an adequate statement on au important subject."— British 
Medical Journal. 

Second Edition. In Medium 8vo. Thoroughly Revised and Re- Written. 

15s. net, 

CALCAREOUS CEMENTS: 

THEIR NATURE, PREPARATION. AND USES. 

Writl* some Remavka upon Cement VessfjisftsJ* 

By GILBERT R. REDGRAVE, Assoc. Inst. C.E., 

Assistant Secretary for Technology, Board of Education, South Kensington, 

And CHARLES SPACKMAN, F.C.S. 

•' We can thoroughly recommend it as a first-class investment." — Practical Engineer. 



In Handsome Cloth. 5s. net. 

A HANDBOOK FOR CEMENT WORKS' CHEMI8TS. 

By FRANK B. GATEHOUSE, F.C.S. 

Gbnbral Contents.— Introduction.— Chemicals and Apparatus.— Books.— Analysis and 
Calculations of Raw Materials.— Analysis of Fuel, Kiln Gases, Lubricants and Water.— 
Cement Analysis.— Gypsum, Plaster, &c Burnt Lime.— Appkndicks.— Index. 

"Concise . . . excellent . . . a useful addition to Cement Literature."- CencrtU. 

LONDON: CHARLE8 GRIFFIN A CO., LIMITED, EXETER STREET, 8TBAND. 
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With Four Folding Plates and Numerous Illustrations. Large 8vo. 
8s. 6d. net. 

WATER SUPPLY: 

A Practical Treatise on the Selection of Sources and the Distribution of Water. 
Br REGINALD X. MIDDLfiTON, M.Inbt.C.E., M.Inst.Meoh.E., F.S.I. 

Abridged Contents.— Introductory.— Requirements at to Quality.— Requirement* 
at to Quantity.— Storage B^servoirs.— Purification.— Servioe Reservoirs.— The Flow, 
of Water through Pipes. — Distributing System*. — Pumping Machines. — Special r 
Requirement!. 

"As a companion for the student, and a constant reference for the technical man, we 
anticipate it will take an important position on the bookshelf."— Practical Engineer. 



In Large Crown 8vo. Fully Illustrated. In Two Volumes. 
Volume i. Fourth Edition. Price 7s. 6d. net. 
,, II. Third Edition. Ready Shortly. 

THE CHEMISTRY OF 

GAS MANUFACTURE : 

A Hand-Book on the Production, Purification, and Testing of Illuminating 
Qae, and the Assay of the Bye-Products of Qas Manufacture. 

By W. J. ATKINSON BUTTERFIEJJ), M.A., F.I.C., F.O.S., 

Formerly Head Chemist, Oat Works. Beckton, London. K. 
" The BS8T work of its kind which we have ever had the pleasure of re- 
viewing."— Journal of Gas Lighting. 



Second Edition, Rewritten. Illustrated. 8s. 6d. net. 

ACETYLENE: 

THE PRINCIPLES OF ITS GENERATION AND USE. 
By F. H. LEEDS, F.I.C., F.C.S., 

Member of the Society of Public Analysts and of the Acetylene Association; 

And W. J. ATKINSON BUTTERFIELD, M.A., F.I.C., F.C.S., 

Consulting Chemist, Author of " The Chemistry of Gas Manufacture." 
" Brimful of Information."— Chem. Trade Journal. 

" We can thoroughly recommend the book to the manufacturer as a reliable work 
of reference, to the user as supplying valuable hints on apparatus and methods of 
procedure, and to the student as a safe and certain guide."— Acetylene. 



Large 8vo. Handsome Cloth. Price 16s. net. 

FIRE AND EXPLOSION RI8K6: 

A Handbook of the Detection, Investigation, and Prevention of Fires and Explosions. 

By Dr. VON SCHWARTZ. 

Translated from the Revised German Edition 

By C. T. C. SALTER. 

abbjlumju) General Contents.— Fires and Explosions of a General Character — 
Dangers arising from Sources of Light and Heat— Dangerous Gases.— Risks Attending 
Special Industries. — Materials Employed. — Agricultural Products.— Fats, Oils, and 
Resins.— Mineral Oils and Tar.— Alcohol, dec.— Metals, Oxides, Adds, Ac— Lightning 
Ignition Appliances, Fireworks. 

"The work affords a wealth of information on the chemistry of fire and kindred 
topics."— Fire and Water. 

"A complete and useful survey of a subject of wide interest and vital importance."— 
Oil and Colourman'i Journal. 

LONDON: CHARLES GRIFFIN & CO.. LIMITED. EXETER 8TREET, STRAN3. 
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Fifteenth Edition, Thoroughly Revised. Price 6s. 

PRACTICAL SANITATION: 

A HAND-BOOK FOR SANITARY INSPECT0R8 AMD 0THER8 
INTERESTED IN SANITATION. 

By GEORGE REID, M.D., D.P.H, 

Follow, Mom. ConncU, and Examiner, Sanitary Institute of Great Britain, 
and Modieml Officer to the SUffiordekb* County Council. 

TOttb an BppenMx on Sanitary Xaw. 

By HERBERT MAN LEY, M.A., M.B., D.P.H., 

Barristerial- Law. 

General Contents. — Introduction. — Water Supply: Drinking Water, Pollution of 
Water. — Ventilation and Warming. — Principles of Sewage Removal. — Details of Drainage ; 
Refuse Removal and Disposal.— Sanitary and Insanitary Work and Appliances.— Details of 
Plumbers' Work. — House Construction.— Infection and Disinfection.— Food, Inspection of; 
Characteristics of Good Meat ; Meat, Milk, Fish, &c, unfit for Human Food. — Appendix : 
Sanitary Law ; Model Bye-Laws, &c. 

" A VERY USEFUL HANDBOOK, with a very useful Appendix. We recommend it not only to SANITARY 
INSPECTORS, but to HOUSEHOLDERS and all interested in Sanitary Matters. "Sanitary Rotord. 



In Handsome Cloth. With 53 Illustrations. 3s. 6d. net. 

LESSONS ON SANITATION. 

By JOHN WM. HARRISON, M.R.San.L, 

Mem. Incor. Assoc. Mun. and County Engineers ; Surveyor, Wombwell, York*. 

Contents. — Water Supply. — Ventilation. — Drainage. — Sanitary Building Construction. — 
Infectious Diseases.— Food Inspection.— Duties of an Inspector of Nuisances and Common ' 

Lodging- Houses.— Infectious Diseases Acts.— Factory and Workshop Acts. — Housing of 
the Working-Classes Act.— Shop Hours Acts.— Sale of Food and Drugs Acts. The Mar- 
garine Acts. — Sale of Horseflesh, &c, Rivers Pollution. — Canal Boats Act. — Diseases of , 
Animals.— Dairies, Cowsheds and Milkshops Order.— Model Bye- Laws.— Miscellaneous.— I 
Index. 

" Accurate, reliable, and compiled with conciseness and care." — Sanitary Record. I 



Second Edition, Revised. In Crown 8vo. Handsome Cloth. Profusely 
Illustrated. 8s. 6d. net. 

SANITARY ENGINEERING: 

A Praotioal Manual of Town Drainage and Sewage and Refuse Diepoeai. 



By FRANCIS WOOD, A.M.Inst.C.E., F.G.S., 

Borough Engineer and Surveyor, Fulham ; late Borough Engineer, Bacup, Lanes. 
GENERAL CONTENTS. 

Introduction— Hydraulics.— Velocity of Water in Pipes. — Earth Pressures and Retaining 
Walls.— Powers.— House Drainage. —Land Drainage.— Sewers.— Separate System.— Sew»f 
Pumping.— Sewer Ventilation.— Drainage Areas.— Sewers, Manholes, he— Trade Refuse.— 
Sewage Disposal Works. — Bacterial Treatment. — Sludge Disposal. — Construction and 
Cleansing of Sewers.— Refuse Disposal.— Chimneys and Foundations. 

' THe volume bristles with Information which will be greedily read by those In need of assistance. The 
book is one that ought to be ou the bookshelves of BVBRY PRACTICAL ENGINEER.*— Sanitary Jtmtmol. 

•• K VERITABLE POCKET COMPENDIUM of Sanitary Enaiaeeriaff. ... A work which m*y, t» 
••any respects, be considered as COMPLETE . . . CO MMBNDABLY CAUTIOUS . . . INTERESTING 
. . . SVGGBSnvn."—PuMic Hoelth Bnginotr. 
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Seoond Edition. In Large Svo. Handsome Oloth. Beautifully 
Illustrated. With Plates and Figures in the Text. 21s. net. 

ROAD MAKING AND MAINTENANCE: 

A Practical Treatise for Engineers, Surveyors, and Others. 

With ak Historical Sketch of Ancient and Modern Practice. 

By THOS. AITKEN, AssocM.Inst.O.E., 

Member of the Association of Municipal and County Engineers; Member of the Sanitary. 
Inst. ; Surveyor to the Oounty Council of Fife. Oupar Division. 

WITH NUMEROUS PLATE8, DIAQRAM8, AND ILLU8TRATI0N8. 

Contents. — Historical Sketch.— Resistance of Traction. —Laying out 
New Roads. — Earthworks, Drainage, and Retaining Walls. — Road 
Materials, or Metal. — Quarrying. — Stone Breaking and Haulage. — Road- 
Rolling and Scarifying. — The Construction of New, and the Maintenance 
-of existing Roads. — Carriage Ways and Foot Ways. 

" The Literary style is excixliht. ... A comp&ihsvbitb and mxcuuira Modern Book, an 
cmo-daw work. . . . Should be on the reference shelf of every Municipal and Oounty 
Engineer or Surveyor in the United Kingdom, and of every Colonial Engineer."— 7»« flww s w. 



In Handsome Cloth. Fully Illustrated. . 108. 6U net. 

DUSTLESS ROADS. 
TAR MACADAM. 

By J. WALKER SMITH, 

Borough Engineer and Master of Works, Edinburgh. 

Costshts.— Necessity for Improved and Standard Boad Construction.— Tar.— Standardisation 
-of Matrix.— Aggregate for Macadam —Different Modes of Preparing and Laying.— Mechanical 
Mixing.— Effects of Wear, Density, Porosity, Distribution of Weight.— Scavenging : Watering and 
Maintenance. — Camber: Gradient, Noiselessness. Hygienic Advantages. — Rolling. — Tractive 
Effort.— Statistics.— Tar Spraying on Ordinary Macadam Surfaces.— Appbhdicks.— Imdsx. 

" The book is in every respect up-to-date and very suggestive. It is written by one 
who has had unique opportunities for studying the subject, who has made himself 
master of all its details, and who is not afraid to express his opinions thereon. It is, 
therefore, practical in the best sense of the term." — County and Municipal Record. 



In Demy Svo. Handsome Cloth. With Many Tables. 6s. net. 
THE THEORY AND PRACTICE OF 

ENAMELLING ON IRON AND 8TEEL. 

By JULES GRUNWALD, 

Technical Chemist and Works' Manager. 

Contents.— Introduction.— The Raw Materials.— The Mixing. Dissolving, and Appli- 
cation of Enamel.— Heating and Pickling Goods in the Bongo.— Correct laying on.— 
Baking Enamelled Ware.— Decoration of Enamelled Objects.— Photo-Ceramics in their 
Application to Enamels.— General and Statistical Chapter.— The History of Enamels 
and their Uses.— Index. 

I0ND0N: CHARLES 8RIFFIN « CO., LIMITED, EXETER STREET, STRMIn. 
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In Large 8vo. Handsome Cloth. Profusely Illustrated. 30s. net. 
A TREATISE ON 

COLOUR MANUFACTURE. 

A Guide to the Preparation, Examination, and Application of all the 
Pigment Colours in Practical Use. 

By GEORGE ZERR and Dr. R. RttBENCAMP. 

Authorised English Translation by Dr. C. MAYER, of Burqdorf. 

' This comprehensive guide . . . useful and interesting."— Oil and Colour Trade* 
Journal. 



Fourth Edition, Revised and Enlarged. With Illustrations. 12s. 6d. 

PAINTERS' COLOURS, OILS, AND VARNISHES : 

A PRACTICAL MANUAL. 
By GEORGE H. HURST, F.C.S. 

General Contents.— Introductory— The Composition, Manufacture,. 
Assay, and Analysis of Pigments, White, Red, Yellow and Orange, Green,. 
Blue, Brown, and Black — Lakes — Colour and Paint Machinery — Paint Vehicles 
(Oils, Turpentine, &c, &c. /—Driers— Varnishes. 

" A thoroughly practical book. . . . Satisfactorily treats of the manufacture ot- 
ofls, colours, and pigments. "—Chemical Trades* Journal. 



In Crown 8vo. Handsome Cloth. With Illustrations. 5& 

THE PAINTERS LABORATORY GUIDE. 

A Student's Handbook of Paints, Colours, and Varnishes. 

By GEORGE H. HURST, F.C.S. 

Abstract of Contbwts. — Preparation of Pigment Colours. — Chemical Principles 
Involved. — Oils and Varnishes. — Properties of Oils and Varnishes. — Tests and Experiments. 
— Plants, Methods, and Machinery of the Paint and Varnish Manufactures. 

" This excellent handbook, . . . the model of what a handbook should be.'*— Oils, 
Coloun y and Drysalteries. 



Third Edition, Revised. In Crown 8vo. extra. With Numerous Illustra- 
tions and Plates (some in Colours), including Original Designs. 12s. 6d. 

Painting and Decorating: 

A Complete Practical Manual for House 
Painters and Decorators. 

By WALTER JOHN PEARCE, 

LBOTOKRS AT THB MAKGHISTBE TSCHOTCAL SCHOOL IOB HOOTB-PAnmHO AMD DBCOXATDfe. 
" A THOROUGHLY USEFUL BOOK . . . GOOD, SOUND, PRACTICAL INFOR- 
MATION in a clear and concise V0BM."—Plttmber and Decorator. 

" A THOROUGHLY GOOD AND RELIABLE TEXT-BOOK. . . . So FULL and 

complete that it would be difficult to imagine how anything further could be 
added about the Painter's craft"— Builder! Journal. 

LONDON: GHARLE8 GRIFFIN A CO.. LIMITED. EXETER STREET, STRANO. 



CHEMISTRY AND TECHNOLOGY. 65 

Third Edition. In Large 8vo. Handsome Cloth. With 4 Plates 
and Several Illustrations. 16& net. 

THE CHEMISTRY OF INDIA RUBBER. 

Treatise on the Nature of India Rubber, Its Chemical and Physical Examina- 
tion, and the Determination and Valuation of India Rubber Substitutes. 

Including the Outlines of a Theory on Vulcanisation. 
By CARL OTTO WEBER, Ph.D. 

" Replete with scientific and also with technical interest. . . . The section on physical 
properties is a complete rtsumt of every thing known on the subject."— India-rubber J eumal. 



In Handsome Cloth. Fully Illustrated. 10s. 6d. net. 
THE MANUFACTURE OF RUBBER GOODS. 

By ADOLF HEIL and Dr. W. ESCH. 

Translated by EDWARD W. LEWIS, A.C.G.I., F.C.S., 

Chemist to Messrs. J. G. Ingram & Son, London. 

General Contents.— Raw Material and its Preparation.— Vulcanisation.— Rubbe 
Mixings. — Manufacture of Soft Rubber Goods. — Manufacture of Hard Rubber Goods. 
— Regeneration of Waste Rubber. — Specific Gravity of Rubber Goods. — Index. 
"Can be recommended as a very practical and useful work."— Nature. 



In Large Crown 8vo. Fully Illustrated. 5s. net. 

GLUE, GELATINE, 

AND THEIR ALLIED PRODUCTS, 
A Practical Handbook for the Manufacturer, Agriculturist, and Student of Technology. 

By THOMAS LAMBERT, 

Analytical and Technical Chemist. 

Contents. — Historical.— Glue. — Gelatine.— Size and Isinglass.— Treatment ot Efita- 
-eats produced in Glue and Gelatine Making.— Liquid and other Glues, Cements, &&— Uses 
of Glue and Gelatine.— Residual Products.— Analysis of Raw and Finished Products.— 
Appendix.— Index. 

"A sufficient account of modern methods of working, chiefly from a practical standpoint. 
A book . . . of real value. "—Chemical News. 



In Large 8vo. Handsome Cloth. Fully Illustrated. 15s. net 

LEATHER TRADES' CHEMISTRY. 

A Practical Manual on the Analysis of Materials and Finished Products. 
By S. R. TROTMAN, M.A., F.I.C., 

Public Analyst for the City of Nottingham, Member of the International Association 

of Leather Trades' Chemists. 

Synopsis op Contents.— Standard Solutions.— Adds, Alkalies, &c— Water.— Depiiation 

and Deliming.— Fleshings, &c— Glue.— Spent Liquors.— Mineral and Vegetable Tanning 

Agents.— Oils.— Soaps.— Varnishes. — Skin.— Leather. — Dyestuffs.— Degreasing Agents.— 

Effluents.— Glossary.— Index. 

''Mr. Trotman has admirably succeeded in his aim. . . . Practically every section ot 
the leather trade chemistry is gone into." — leather Trade? Review. 



In Large 8vo. Handsome Cloth. With Plates and Illustrations. 7s. 6d. net. 

THE MANUFACTURE OF INK. 

A Handbook of the Production and Properties of Printing, Writing, and Copying Inks. 

By C. A. MITCHELL, B.A., F.I.C., F.C.S., & T. C. HEPWORTH. 

"Thoroughly well arranged . . . and of a genuinely practical order. n — British Printer. 

LONDON: CHARLES GRIFFIN ft CO., LIMITED, EXETER 8TREET, STRAND, 
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VKE TBXTILB INDUSTRIES. 



Srcond Edition, Thoroughly Revised Throughout. In Two Large 
Volumes. Handsome Cloth. 4£s. 

A MANUAL OF DYEING: 

FOR THE U8E OF PRACTICAL DYER8, MANUFACTURERS, STUDENTS, 
AND ALL INTERESTED IN THE ART OF DYEING. 

E. KNECHT, Ph.D., F.LC, " CHR. RAWSON, F.LC, F.C.S.. 

Bead of tha Ohamiatry and Dyaiiif Department of Late Head of the Ofcamlstay and Dyeing Department 
the leahnlaal School, ManeherteR Miter of "The of the Tesnnkel Collate. Bradford t Member 
Jeanulof UioSoQiitroiDyanaadOoloiuArta;'' Oounell of the BoeteftjofDyem and Ooloorirtaj 

And RICHARD LOEWENTHAL, Ph.D. 

Ginxral Contents.— Chemical Technology of the Textile Fabric*— 
Water— Washing and Bleaching — Adds, Alkalies, Mordants — Natural 
Colouring Matters— Artificial Organic Colouring Matters— Mineral Colours 
— Machinery used in Dyeing— Tinctorial Properties of Colouring Matters— 
Analysis and Valuation of Materials used in Dyeing, &c, &o. 

" This authoritative and exhaustive work ... the most ooxrurn we bats yet seen. 
oft the subject"— Textile Manufacturer. 



In Large 8vo, Handsome Cloth. Pp. i-xv + 405. 16s. net. 

THE SYNTHETIC DYESTUFFS, 

AND 

THE INTERMEDIATE PRODUCTS FROM WHICH THEY ARE DERIVED. 

By JOHN CANNELL CAIN, D.Sc. (Manchbstkb and Tubingen), 
Technical Chemist, 

And JOCELYN FIELD THORPE, Ph.D. (Hkidelbebo), F.R.8., 

Lecturer on Colouring Matters in the Victoria University of Manchester. 

Part I. Theoretical. Part II. Practical. Part III. Analytical. 

" We have no hesitation in describing this treatise as one of the most valuable books- 

that hat appeared. . . . Will give an impetus to the study of Organic Chemistry 

generally. < —Chemical Trade Journal. 



Companion Volume to Kneehl is Rawsoris " Dyeing. " In Large 8vo. 

Handsome Cloth, Library Style. 16s. net. 

A DICTIONARY OF 

DYES, MORDANTS, & OTHER COMPOUNDS 

USED IN DYEING AND CALICO PRINTING. 

With Formula, Properties, and Applications of the various substances describe* 

and oonelse directions for their Commercial Valuation, 

and for the Detection of Adulterants. 

By CHRISTOPHER RAWSON, F.I.O., F.C.S., 

Consulting Chemist to the Behar Indigo Planters' Association ; Co-Author of H A Manual 

of Dyeing ; w 

WALTER M. GARDNER, F.O.S., 

Head of the Department of Chemistry and Dyeing, Bradford Municipal Technical College : 
Editor of the '* Journ. 8oc Dyers and Colourists ;" 

Amd W. P. LAYOOOK, Ph.D., F.C.S., 

Analytical and Consulting Chemist 
" Tarn to the hook as one may on any subject, or any substance in connection with the 
trade, and a reference is sure to be found. The authors have apparently left nothing out" 
—Textile Mercury. 

LONDON: CHARLE8 GRIFFIN A CO.. LIMITED. EXETER STREET. 8TRAML 
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In Crown 8vo. Cloth. With Numerous Illustrations. 6s. net. 

THE COTTON WEAVERS' HANDBOOK. 

A Practical Guide to the Construction and Costing of Cotton Fabrics, 
with 8tudles In Design. 

By HENRY B. HEYLIN, 

Of the Boyal Technical Institute, Salford. 

Oomthtk. —Weaving.— Designing. — Weaves.— The Power Loom and its Accessories. — 
Analysing or Dissection of the Cloth.— Cloth Quoting or Costing.— Division of the Cotton 
InduHtry in England.— Yarns for Manufacturing Purposes.— The Selection of Warp Yarn* 
and Yarn Testing.— Read and Heald Counting and Calculations. —Important Labour 
Units in a Wearing Mill.— Miscellany. -Illustrations of Machinery.— Examination Ques- 
tions.— Ixdbx. 

"Mr. Heylin's text-book is a very reliable one. It is difficult to mark out any special 
points among so much excellent mutter."— Dyer and Calico Printer. 

Large 8vo. Profusely Illustrated with Plates and Figures in the Text. 

16s. net. 

THE SPINNING AND TWISTING OF LONG 
VEGETABLE FIBRES 

(FLAX* HEMP* JUTE, TOW, 4fc RAMIE). 

A Practical Manual of the most Modern Methods as applied to the Hackling, Carding 
Preparing, Spinning, and Twisting of the Long Vegetable Fibres of Commerce. 

By HERBERT R. GARTER, Belfast and Lille. 

Qbsxral Contents.— Long Vegetable Fibres of Commerce.— Else and Growth of 
the Spinning Industry.— Kaw Fibre Market*. —Purchasing Baw Material.— Storing and 
Preliminary Operations.— Hackling. —Sorting.— Preparing.— Tow Carding and Mixing.— 
Tow Combing.— Gill Spinning.— The Roving Frame.— Dry and Demi-sec Spinning.— Wet 
Spinning.— Spinning Waste.— Yarn Reeling.— Manufacture of Threads, Twines, and 
Cords.— Rope Making.— The Mechanical Department.— Modern Mill Construction. - 
8team and Water Power.— Power Transmission. 

" Meets the requirements of the Mill Manager or Advanced Student in a manner 
perhaps more than satisfactory. . . . We must highly commend the work as repre- 
senting up-to-date practice. "—Nature. 

In Large 8t*>, Handsome Cloth, with Numerous Illustrations. 9s. net. 

TEXTILE FIBRES OF COMMERCE. 

A HANDBOOK OF 

The Occurrence, Distribution, Preparation, and Industrial Uses of the 
Animal, Vegetable, and Mineral Products used In Spinning; and Weaving. 

By WILLIAM I. H ANNAN, 

Lecturer on Botany at the Ash ton Municipal Technical Sohool, Lecturer on Oottou 
Bpinning at the Ohorley 8olenoe and Art School. Ac 
" Dssful bnroanATio*. . . . Admirablb Illusibatiohs. . . ."— Textile Recorder. 



In Large 8vo, with Illustrations and Printed Patterns. Price 21s, 

TEXTILE PRINTING: 

A PRACTICAL MANUAL. 

Including the Processes Used in the Printing ot 

COTTON. WOOLLEN, SILK, and HALF- 

SILK FABBICS. 

By C. P. SEYMOUR ROTHWELL, F.C.S., 

Mem Boc. of Chem. Ind. ; late Lecturer at the Mwnte. Tech, School .Manchester. 
" Bt fas thb bist and most practical book on rxtilb mntrnio which hat yet been 
bronfht out, and will long remain the standard work on the snhjeet "—Textile Mercury. 

LONDON: CHARLES GRIFFIN & CO.. LIMITED. EXETER 8TREET. OTRANOu 
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Large &ro, Hasrfsssms (3otk. 12k. Si 

BLEACHING & CALICO-PRINTING. 

A Short Manual for Students and 
Practical Men. 

By GEORGE DTTERR, 



Assisted by WILLIAM TURNBULL 

loTTanWiAl 



With Dlnstrations and upwards of One Hundred Dyad and Printed 
designed specially to show ▼arions Stages of tag Piowmi described. 

GENERAL CONTENT&-Cottob, Compaction of; Buucrao, New 
Processes; Pkibtoo, Hand-Block; Flat-Press Work; Machine ~ * " 
Mordants— Styles of Caijoo-Pbjbtiiio : The Dyed or Madder i 
Padded Style, Diecharge and Extract Style, Chromed or Raw 

Ineohible Colours, Ac. — Thickeners — Natural Organic Colouring 

—Tannin Matters— Oils, Soaps, Solvents —Organic Acid. -Satta— Mineral 
Colours—Coal Tar Coloms— Dyeing— Water, Softening of —Theory of. Colours 
—Weights and Measures, Ac 

M n Wte*UUBTVATootofadiJBe«in7liwaatod,itiaiVBOouuKBTHUthailih 
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Second Edition, with New Appendix. In Handsome Cloth. 
With 76 Illustrations. 5s. net. 

DYEING AND GLEANING. 

By FRANK J. FARRELL, M.Sc., Ac. I 

General Contents.— Technology of the Textile Fibres. — Dry | 

Cleaning. — Wet Cleaning. — Dyeing. — Dry Dyeing. — Special Methods, 
Cleaning and Dyeing Skin Rags, Feathers, and Hats. — Finishing.— 
Appendices. — Index. 

" A timely and valuable contribution . . . well got np in every way."— Dyer and 
Calico Printer, 

LONDON: CHARLES GRIFFIN & CO.. LIMITED. EXETER STREET. STRAND, 



INTRODUCTORY WORKS. 



Third Edition, Revised, Enlarged, and Re-issued. Price 6s. net 
A SHORT MANUAL OF 

INORGANIC CHEMISTRY, 

By A. DUPRE, Ph.D., F.R.S., 
And WILSON HAKE, Ph.D., F.I.O., F.C.S., 

Of the Westminster Hospital Medical School 

"Am mxAurtM or thb advantages op thi Systematic Tr*atm«nt of a Science 
-over the fragmentary style so generally followed. Bv a long way thb sbst of the small 
Manuals for Students."— Analy si. 



In Handsome Cloth. With nearly 60 Illustrations. 3s. 6d. net. 

THE ELEMENTS OF CHEMICAL ENGINEERING. 

By J. GROSSMANN, M.A., Ph.D., F.LC. 

WITH A FRSTAOB BT 

Sib WILLIAM RAMSAY, K.C.B., F.R.S. 

CONTBNTB.— The Beaker and Its Technical Equivalent*.— Distilling Flasks, Liebig's 
Condensers.— Fractionating Tubes and their Technical Equivalents.— The Air-Bath and 
its Technical Equivalents.— The Blowpipe and Crucible and their Technical Equivalents. 
—The Steam Boiler and other Sources of Power.— General Remarks on the Application 
of Heat in Chemical Engineering.— The Funnel and its Technical Equivalents.— The 
Mortar and its Technical Equivalents.— Measuring Instruments and their Technical 
Equivalents.— Materials Used in Chemical Engineering and their Mode of Application.— 
Technical Research and the Designing of Plant.— Conclusion.— Chemicals ana Materials. 
—Index. 

" Excellent. . . . Every student of chemistry attending a technical course should 
-obtain a copy. —Chemical Newt. 



LABORATORY HANDBOOKS BT A. HUMBOLDT SEXTON, 

Professor of Metallurgy in the Glasgow and West of Scotland Technical College. 



OUTLINES OF QUANTITATIVE ANALYSIS. 

FOR THB USB OF STUDBNTS. 

With Illustrations. Fifth Edition. Grown 8vo, Cloth, 8s. 

" A oomfaot laboratory guidb for beginners was wanted, and the want has 
•bssn will supflbd. ... A good and useful book."— Lancet. 



OUTLINES OF QUALITATIVE ANALYSIS. 

FOR THB USB OF STUDENT 8. 

With Illustrations. Fourth Edition, Revised. Crown 8ro, Cloth, Si. 6d. 

" The work of a thoroughly practical chemist n —Briti$k Medical Journal 
" Onmnttod with great oars, and will supply a wwt. n — Journal of Education. 



ELEMENTARY METALLURGY: 

Including the Author's Practical Laboratory Course. 

[See p. 51. 

LONDON: CHARLES GRIFFIN & CO.. LIMITED. EXETER 8TREET. 8TRAND. 
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Third Edition, Revised and Enlarged. Large Crown 8vo, with 
Illustrations. 3s. 6d. 

THE FLOWERING PLANT, 

WITH A SUPPLEMENTARY CHAPTER ON FERNS AND MOS8ES, 
As Illustrating the First Principles of Botany. 

By J. R. AINSWORTH DAVIS, M.A., F.Z.S., 

Prof, of Biokxry. Uiuversity College. Aberystwyth ; Examiner in Zoology, 
University of Aberdeen. 

" It would be hard to find a Text-book which would better guide the student to an accural* 
knowledge of modern discoveries in Botany. . . . The scientific accuracy of statement, 
and the concise exposition of first principles make it valuable for educational purpos es In 
the chapter on the Physiology of Flowers, an adtmrubU risum4,dn.wn from Darwin, Hermann 
Mailer, Kerner, and Lubbock, of what is known of the Fertilisation of Flowers, is given "- 
fowmml 0/ Botany. 



POPULAR WORKS ON BOTANY BY MRS. HUGHES-GIBB. 

With Dlustratlons. Crown iro. Cloth, as. ad 

HOW PLANTS LIVE AND WORK: 

A Simple Introduction to Real Life In the Plant-world, Based on Lessons! 
originally given to Country Children. 

By ELEANOR HUGHES-GIBB. 

*•* The attention of all interested in the Scientific Training of the Young Is requested to thls- 
»auoRTFULLT push and charm iho LiTTLB book. It ought to be in the hands of every Mother 
and Teacher throughout the land. 

" The child's attention is first secured, and then, in language simple, tit scuvTiFtoaLiT 
*OOURATi,the first lessons in plsnt-life are set before it."— Natural Science, 

"In every way well calculated to make the study of Botany anaaenra to the young."— 



With Illustration*. Crown 8vo. Gilt fis. 6d. 

THE MAKING OP A DAISY; 

"WHEAT OUT OF LILIES;" 

And other Studies from the Plant World. 

A Popular Introduction to Botany. 

By ELEANOR HUGHES-GIBB, 

Author of How Planta Live and Work. 

14 A Baton little introduction to the study of Flowers.*'— Journal 01 Botany. 
" The book will afford real assistance to those who ©an derive Pleasure from the Jtudy or 
Nature in the open. . . . The literary style is oommen :ao>e '—Knowledge. 

lONDOH: CHARLES GRIFFIN ft CO.. LlHirEQ. EXETER 8TREET. STRAW 



GRIFFIS'S "OPEX-AIR" SERIES. 71 



"Boys oould not hats a mors AWUBora introduction to scientific pursuits 
than time oharming*lookinff volumes."— Letter to the Publishers from the Head- 
master of one of our great Public Schools. 

Second Edition, Revised. Handsome Cloth. 6e. net. 

OPER-fllR STUDIES lfi BOTAjlY: 

SKETCHES OF BRITISH WILD FLOWERS 

IN THEIR HOMES. 
By R. LLOYD PRAEGER, B.A., M.R.LA. 

Hlustrated by Drawings from Nature by S. Rosamond Praeger,. 
and Photographs by R. Weleh. 
Gbhxbal Contents.-— A Daisy-Starred Pasture— Under the Hawthorne 
—By the River— Along the Shingle — A Fragrant Hedgerow— A Connemara- 
Bog — Where the Samphire grows — A Flowery Meadow — Among the Corn 
(a Study in Weeds)— in the Home of the Alpines— A City Rubbish-Heap— 
Glossary. 

" A ntSSH AMD flmnJLATlHO book . . . should take a high place . . . The 
niustratlons are drawn with much skill."— The Timet. 

" BEAUTIFULLY HiLUSTBATHD. . . . One Of the MOST AOOUBATS at well at- 
rnnuSTHro books of the kind we hare seen."— Atkenamm. 

"Redolent with the scent of woodland and meadow."— The Standard. 



With 12 Full-Page Illustrations from Photograph*, doth. 
8econd Edition, Revised. 8%, od. 

OPEfi-AIR STUDIES IJ1 GEOLOGY: 

An Introduction to Geology Out-of-doors. 
Br GRENVILLE A. J. COLE, F.G.S., M.R.I.A., 

Professor of Geology In the Royal College of Science for Ireland, 
and Examiner in the University of London. 

Qbnnkal Contents.— The Materials of the Earth— A Mountain Hollow 
—Down the Valley— Along the Shore— Across the Plains-^Dead Volcanoes 
—A Granite Highland— The Annals of the Earth— The Surrey Hills— The 
Voids of the Mountains. 

'♦The FASonrATmo *Opbh-Ai* 8tudi*s' of Pbof. Cole give the subject a a Lew or 
animatios . . . osnnot fafl to arouse keen interest in geology.''— fteJopfaaJ Magatau. 

" A CHASimra book, beautifully illustrated." -Athmmum. 



Beautifully Illustrated. With a Frontispiece in Colours, and Numerous 
Specially Drawn Plates by Charles Whymper. 7s. 6d. 

OPEN-AIR STUDIES IH BIRD-LIFE: 

SKETCHES OF BRITISH BIRDS IN THEIR HAUNTS. 

By CHARLES DIXON. 
The Spacious Air.— The Open Fields and Downs.— In the Hedgerows.— On. 
Open Heath and Moor.— On the Mountains.— Amongst the Evergreens.— 
Copse and Woodland.— By Stream and Fool.— The Sandy Wastes and Mud 
fiats.-?Sea-]aved Rooks.— Birds of the Cities.— Index. 

"Enriched with excellent illustrations. A welcome addition to all libraries."— WV*i- 
tmituUr Rtvirw. 

LONDON: CHARLES GRIFFIN A CO.. LIMITED. EXETER STREET. 8TRANK. 
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AN ELEMENTARY TEXT BOOK OF PHYSICS. 

By R. WALLACE STEWART, D.Sc. (Lond.) 

In Four Volumes. Crown 8uo. Cloth. Each Fully Illustrated. 
Sold Separately. 



Vol. I. Uniform with Vols. II. to IV. and Fully Illustrated. 

GENERAL PHYSICS. 

Now in the Press. Will be ready very shortly. 



Vol. II. Just Pdblished. Profusely Illustrated. 2s. 6d. net. 

SOUND. 

Contents. — Simple Harmonic Vibration. — Production of Sound. — 
Wave Motion. — Propagation of Sound. — Characteristics of Sound. — Re- 
flection and Refraction of Sound. — Velocity of Sound in Air and Water. — 
Transverse Vibration of Strings. — Longitudinal Vibration of Rods and 
Columns of Air.— Index. 

44 Should supply the much-felt need of an elementary treatment of this subject . • 
•distinctly good."— Nature. 

Vol. III. Just Published, With 142 Illustrations. 3s. 6d. 

LIGHT. 

Contents. — Introductory. — Rectilinear Propagation of Light. — 
Photometry. — Reflection at Plane Surfaces. — Reflection at Spherical 
Surfaces.— Refraction. — Refraction through Lenses. — Dispersion.— Index. 

" This elementary treatise resembles Fart IL (Sound) in its attractiveness ... the 
treatment is good . • . excellent diagrams . . • very clear."— Journ. qf Inst, qf 
Teacher* in Technical Institute*. 



Vol. IV. Just Published. With 84 Illustrations. 3s. 6d. net. 

HEAT. 

Contents. — Introductory. — Thermometry. — Expansion of Solids. — 
Expansion of Liquids. — Expansion of Gases. — Calorimetry. — Specific 
Heat. — Liquefaction and Solidification. — Vaporisation and Condensation. 
— Conduction of Heat. — Convection. — Mechanical Equivalent of Heat. — 
Radiation. —Index. 

In Large 8vo. With Bibliography, Illustrations in the Text, and 
Seven Plates. 12s. 6d. 

THE MEAN DENSITY OF THE EARTH. 

An Essay to which the Adams Prize was Adjudged in 1893 in the University of Cambridge* 

By J. H. POYNTING, Sc.D., F.R.S. 

"Cannot fail to be of great and general interest. "— Athenamm. 

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 



TEXTBOOK OF PHYSICS. 73 

In Five Volumes. Large 8vo. Sold Separately. 

A TEXT-BOOK OF PHYSICS. 

By J. H. POYNTINGr, Sc.D., F.B.S., 

Professor of Physics, Birmingham University, 

And Sir J. J. THOMSON, M.A., F.B.S., 

Professor of Experimental Physics in the University of Cambridge. 



Introductory Volume. Fifth Edition, Revised. Fully Illustrated. 

10b. 6d. 

PROPERTIES <MF MATTER. 

Oosrmrrs. — Gravitation. — The Acceleration of Gravity. — Elasticity.— Stresses and 
Strains.— Torsion.— Bending of Bods.— Spiral Springs.— Collision.— ConipreasfhIHty of 
Liquids.— Pres su res and volumes of Gases.— Thermal Effects Accompanying Strain.— 
Capillarity.— Surface Tension.— Laplace's Theory of Capillarity.— Diffusion of Liqnlds — 
Diffusion of Gases.— Vlsoosity of Liquids.— Ihdsz. 

"We regard this book as quite indispensable not merely to teachers but to physicists of every 
grade above the lowest."— Un4ver$ity Oorrupondent. 



Volume II. Fifth Edition. Fully Illustrated. Price 80. 6d. 

SOUND. 

Ooanais.— The Nature of Sound ai*d Its chief Characteristics.— The Velocity of Sound 
In Air and other Media.— Reflection and Refraction of Sound.— Frequency and Pitch of 
Notes,— Besonanoe and Forced Oscillations.— Analysis of Vibrations.— The Transverse 
Vibrations of Stretched Strings or Wires. —Pipes and other Air Cavities.— Bods.— Plates. 
—Membranes.— Vibrations maintained by Heat— Sensitive Flames and Jets.— Mustoeh 
Band.— The Superposition of Waves.— Ijtdex. 

44 The work . . . maybe recommended to anyone desirous of possessing an bast 
mvro-nan Stahdabd Tkbatot on Acoustics."— Literature. 



Volume III. Thibd Edition, Revised. Fully Illustrated. Price 16s. 

HEAT. 

CONTBHTS. — Temperature. — Expansion of Solids. — Liquids. — Gases. — Circulation 
and Convection.— Quantity of Heat; Specific Heat.— Conductivity.— Forms of Energy; 
Conservation ; Mechanical Equivalent of Heat.— The Kinetic Theory.— Change of 8tate ; 
Liqjid, Vapour.— Critical Points.— Solids and Liquids. —Atmospheric Conditions.— 
Radiation.— Theory of Exchanges.— Radiation and Temperature.— Thermodynamics.— 
Isothermal and Adlabatic Changes.— Thermodynamics of Changes of State, and Solu- 
tions.— Thermodynamics of Radiation.— Index 

" Well up-to-date, and extremely clear and exact throughout. ... As clear sa- 
lt would be possible to make such a text-book "—Nature. 

Remaining Volumes in Preparation — 

LIGHT ; MAGNETISM AND ELECTBIOITY. 

LONDON: CHARLES GRIFFIN ft CO., LIMITED, EXETER STREET, 8TRAND. 



74 GHARLE8 GRIFFIN <* GO.'S PUBLICATIONS. 

Twenty-sixth Annual Issue. Handsome oloth, 7s. 6d . 
(To Subscribers, 6s.). 

THE OFFICIAL YEAR-BOOK 

or rum, 

SCIENTIFIC AND LEARNED SOCIETIES OF GREAT BRITAIN 
AND IRELAND. 

COMPILED FROM OFFICIAL SOURCES. 

Comprising [together with other Offioial Information) LI8TS of tht 
PAPERS read during the Session 1908-1909 before all the LEADING 
80CIETIES throughout the Kingdom engaged in the following Depart- 
ments of Research :— 

4 i. Science Generally: i*. t Societies occupy- 
ing themselves with •©▼end Blanches of 
Science, or with Science and Literature 
jointly. 

|a. Mathematics and Physics. 

| 3. Chemistry and Photography. 

I ». Geology, Geography, and Mweralogy. 

4 %. Biology, including Microscopy and An- 
thropology. 



% 6. Economic Science and Statistics. 

\ 7. Mechanical Science, Engineering, and 



9 8. Naval and Military Science, 
f 9. Agriculture and Horticulture. 
$10. Law. 
1 11. Literature 



}is. Psychology. 
1 13. Archaeology. 



1 14. MEDICINE. 



"Fills a very real want." — Engineering. 

" Indispensable to any one who may wish to keep himself 
abreast of the scientific work of the day." — Edinburgh Medico* 
Journal. 

" The Yhax-Book op Societies is a Record which ought to be of the greatest use to r 
the progress of Science." — £*r</ Play fair, F.R.8., K.C.B^ M.P., Paxt-Prtridtnt ; tk* 
British Association. 

"It goes almost without saying that a Handbook of this subject wiD be in tune 
one of the most gen erally useful works for the library or the desk.*— Tht Timet* 

" British Societies are now well represented In the 'Year-Book of the Scientific and 
Learned Societies of Great Britain and Ireland."'— (Art. " Societies " in New Edition of 



Copies of the First Issue, giving an Account of the History, 
Organization, and Conditions of Membership of the various 
Societies, and forming the groundwork of the Series, may still be 
had, price 7/6. Also Copies of the Issues following. 



The year-bocjco^coeties forms a complete index to the scientific work of the 
MtsionaTyalr^^hevanousDepartments. It is used as a Handbook in all our great 
Scientific Centres, Museums, and Libraries throughout the Kingdom, and has become 
an indispensable book or reference to every one engaged in Scientific Work. 

LONDON: CHARLES GRIFFIN A CO., LIMITED, EXETER 8TREET. STRAITO. 
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ELEMENTARY ENGINEERING WORKS. 



In Crown 8vo. Handsome Cloth. With 105 Illustrations. 5s. net. 

MECHANICAL ENGINEERING 

By R. S. M'LAREN. 

Contents.— Materials.— Bolts and Nuts, Studs, Set Screws.— Boilers.— Steam Raising 
Accessories.— Steam Pipes and Valves.— The Steam Engine.— Power Transmission.— Con - 
•densing Plant.— The Steam Turbine.— Electricity.— Hydraulic Machinery.— Gas and Oil 
Engines.— Strength of Beams, and Useful Information.— INDEX. 

" The best of its kind we have seen, and should be in the hands of every apprentice."— 
Steamship. 

PROFESSOR JAMIESON'S INTRODUCTORY MANUALS. 

Croion 8vo. With Illustrations and Examination Papers. 
STEAM AND THE STEAM ENGINE (Elementary Manual of). 

For First- Year Students, forming an Introduction to the Author's larger Work. 
Twelfth Edition, Revised and Enlarged. 8s. 6d. 
"Should be in the hands of evert engineering apprentice."— Practical Engineer. 

MAGNETISM AND ELECTRICITY (Practical Elementary Manual 

of). For First- Year Students. With Stud. Inst.CE. and B. of E. Exam. Questions. 
Eighth Edition, Revised and Enlarged. Ss. 6d. 
" A thoroughly TRUSTWORTHY Text-book. Practical and clear."— Nature. 

APPLIED MECHANICS (Elementary Manual of). For First Year 

Students. With B. of E., C. and G., and Stud. Inst.CE. Questions. Eighth 
Edition, Revised and Greatly Enlarged. 3s. 6d. 
"The work has very high qualities, which may be condensed into the one word 
clear.' "— Science and Art. 



TEXT-BOOK OF ENGINEERING DRAWING AND DESIGN. By 

Sidney H. Wells, Wh.So. Fifth Edition. Vol. I.— Practical Geometry, Plane and 
Solid, 4s. 6d. Vol. IL— Machine and Engine Drawing and Design, 4s. 6d. The 
volumes sold separately. 

AN ELEMENTARY TEXT -BOOK OF MECHANICAL DRAWING. 

By John E. J&gger, M.Sc., Wh.So. Profusely Illustrated. 

HINTS ON STEAM ENGINE DESIGN AND CONSTRUCTION. By 

Charles Hurst. Second Edition. With 82 Illustrations. Is. 6d. net. 

THERMO-DYNAMIC PRINCIPLES OF ENGINE DESIGN. By Lionel 
Hobbs, R.N., Instructor in Applied Mechanics and Engine Design at the Royal 
Naval College, Greenwich. 4s. 6d. net. 

PRACTICAL CALCULATIONS FOR ENGINEERS. By C. E. Larakd, 
A.M.InsLCE., and H.A. Golding, A.M.I Mech.R Second Edition. 6s. net. 

TELEGRAPH SYSTEMS, and Other Notes. By Arthur Crotch. 
of the Engineer-in-Chiefs Dept, G.P.O. With 222 Illustrations. 6s. net. 

THEODOLITE SURVEYING AND LEVELLING. By Prof. James 
Park, F.G.8. In Crown 8vo. Cloth. Illustrated. 0s.net. 

LONDON: CHARLES GRIFFIN ft CO., LIMITED, EXETER STREET, 8TRAND. 
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SCIENTIFIC ROMANCES. 



HIS MAJESTY THE KING has most graciously condescended 
to aeeept a eopy of each of these books. 



By JOHN MASTIN, F.S.A.Scor., F.L.S., F.C.S., F.R.A.S., 
F.R.M.S., F.B.A. 

Id Crown 8vo. Handsome Cloth, Gilt Lettering. Price 6b. 

THROUGH THE SUN IN AN 
AIRSHIP. 

A THRILLING SCIENTIFIC ROMANCE. 

" An immense display of resource and knowledge on the part of the author . . . 
the adventures and discoveries are well worth following."— Timet Literary Supplement. 

" Mr. Mastin manages to make his tale absorbing at all points, the interest never 
slackens, his imagination never fails. The suggestions opened out are numerous and 
appallng. Some of the discussions are on very deep subjects, and though they do not 
lead us far. and are hardly as illuminating as the utterances of poets, they are put 
down soberly and in a convincing manner, which shows that the author takes his ork 
seriously. His scientific knowledge aids him well in his task, and has enabled him 
produce a fine novel as attractive to boys as to grown up people."— Daily Telegraph. 

COMPANION VOLUME TO THE ABOVE. 
In Crown 8vo. Uniform with the above. Price 3s. 6d. 

THE STOLEN PLANET. 

SOME PRE88 OPINIONS OF THIS. 

"Certain it is that the reading of this capital story will prove exciting, for compared 
with the adventures therein written, the books of Jules Verne and H. O. Wells read 
like the placid pages of Miss Austen's novels. '—Daily Telegraph. 

" Mr. Mastin's ingenious and engaging fantasy . . . he is to be commended for 
resource, ingenuity, and persistent vigour of narrative."— Glasgow Herald. 

" It is a graphic and exciting tale."— Pim**. 



THE ADVENTURES OF A SOUTH POLAR EXPEDITION 
In Crown 8vo. Handsome Cloth. Price 6s. 

THE IMMORTAL LIGHT. 

PRESS OPINIONS. 

< More daring than Poe's ' Narrative of Arthur Gordon Pym of Nantucket ' is Mr. 
Mastin's romance of Antarctic adventure ; for Poe, having Introduced a giant ' of the- 
perfect whiteness of the snow,' regrets the loss of his crowning chapters. Certainly, if 
the matter which they contained 'relative to the Pole itself, or at least to regions in 
its very near proximity,' was as sensational as ' The Immortal Light,' the loss is deplor- 
able. . . . The story is wildly improbable, but confronts incredulity with a 
considerable display of scientific detail. A strong religious feeling animates the last 
part of the book. ?'— Athenaum. 



These three volumes are uniform in size and binding. 
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